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ADVERTISEMENT. 


I  PSOJBCTBD  the  ATmah  of  Pkilosopby  in  theytar  1812, 

:  vod  bave  contiDaed  to  be  the  Editor  ev^  since,  with  the 

exception  of  a  single  year,  when  my  sudden  r«novsl  to  , 

'    Glasgow,  and  the  necessity  I  was  under  of  beginning  a  , 

-■  Jab^rioup  course  of  Chemical  Lectures  with  scarcely  any 

pr^ious  preparation,  and  with  no  assistant,  put  it  ont  of 

■Jnygower  to  devote  a  sufficient  portion  of  my  time  to  the 

.*_  Jabo'tious  and  diversified  duties  of  Editor  of  a  periodical 

' '.  •  work  of  science.     My  friends  Dr.  Bostock  and  Mr.  Arthur 

^  **Aikin  were"  kind  enough  to  supply  my  place  during  that 

'.     year; -and  carried  on  the  Annals  of  Philosophy  with  a' 

i      i.'  spirit  whicK  left  the  readers  no  cause  to  regret  the  tempo- 

';'/■  rary  absence  of  "the  original  Editor.     The  principal  object    . 

.which  I  had  constantly  in  view  was  to  render  ^he  Aniiab  as ' 
'  complete  a  register  as  possible  of  all  the  improvements' 
,  ■  made  in  chemistry  and  the  kindred  sciences,  notmerelyin 
I  ,  L.OreatHritain,  but  in  every' part  of  the  worid.  How  far  my 
J.  "'exertions  were  attended  with  success,  it  is  not  for  me  to' 
*  ■'determine,  though  I  can  say  with  truth  that  neither  labour 
. ;'  .nor  expense  was  spared  to  fulfil,  as  far  as  waBinmypower, ' 
,*  ■  the  objects  which  I. had  in  view.  .... 

'  ■ ,  ■  After  a  trial  of  two  years,  I  have  satisfied  myself  that  a 
','_  residence  more  than  four  hundred,  miiles  distant  froin^ie' 
.  place  of  publication  is  scarcely  consistent  with  the  active' 
■;>  .duties  nf  ^  Editor,  It  more  than  quadruples  the'  labour, 
:'<  'while  it  diAinifihes,  almost  in  ,the  same  proportion^  its  sue-  ' 
'  ^.«essfiil«^ertion.  I  have,  therefore,  with  the  concurreace  of 
f  f[^the  p^o^shers,  transferred  the  Editorsbip  of  the  Annals  of 
'^Fhil^Qphif  to  my  friend  Mr.  Richard  Phillips,  a  gentleman 
',' ..wh'cflie  saentific  talents  and  acquirements  are  too.  well 
.     known  to  require  any  observations  on  my  part.    ■' 

t   Ney?  Series,  -vol,  i.  a  ,-  i'.  ■  ';     ■ 
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Butihough  I  relinquish  the  Editorship,  I  do  not  abaodoft '  .. 
all  iotiireflt  and  concern  in  the  work.     I  shall  still  continue 
coionScted  with  it,  and,  I  trust,  shall  be  a  frequent  and 
acfii^  contribiitor,  though  my  absence  from  the  j^e  of 
publication  *  reniters  the  labours  of  the  active  Ediforship    ~ 
irksome  an^piunful. 

In  coliKqi^mce  of  ttuB  change,  it  has  been  determined  '- 
to  denottuoate  the  serenteenth  volume  of  the  AmtaU  vf}  '. 
■^PAtVoMpAy  theFiBST-bfaNEW  Skbies.  .    ■     .- 

Gii«<w,  THOMAS  THOMSOWf        • 

Dttanber,  18B0.  .?   . 


^   , ..     /  undertake  the  Editorship  of  the  Anmh  of,  Fhil»sophju^~-  '-J 

'  -   4.nnounced  in  the  above  adverlisenient,  vlitk  sonie  anxiety,  U$t\    '    ,' 

the  reputcition  which  the  work  has  acquired  ihouid  be  diita-    •  •'- 

'dished  6jf.  hieing  placed  under,  my  controul.     The  friendly  '.  X*j. 

.   '.assOraitcesfif  Dr.  Thomson,  that  he  wf  II  continue  to  contribute-  "  •- 

.-..  to  the  AnnaUywilli  I  trust,  convince  the  reader- that  the  loork  ;     '■'. 

y  Kill  in  future  possess  a  great  share  of  its  present  value,  '•    ": 

.'  '"^^'suciessful  Jimnagement  of  a  scientific  journal  is  ren-  ' .  T^ 

dered  daiibli/ difficult  by  the  namerous similar  sources  t/trough't'  '^ 

which  fnfortnation  is  now  cjinveyed :.  relying,  however,  ,upoa  J.*  *  *■. 

the  fttvUurfUble  cii-camstances  in  which  I  am  placed  for  tk^  '■%  ■ 

early  acijui^ion  of -philosophical  intelligence,  Itrust  I  shall   .'^•' 

.^,  ■  Iffi  enabled,  'wftJi^ille,ifssistatice  of  which  I  have  received  nuTAe-    *_'.•, 

KjK*  promises,  to  feind^  the  work  not  unworthy  of  tttf  patro-  •  :<,■_ 

hdgedndsitpport  of  the. scientific  public.  ,.     '.  *■"■ 

xo-dm.V-  RICHARD  PHILLIPS.    '"X 
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■Experiments  to  determine  the  true  Atomic  Weight  af  StrontiaHf 
Lime,  Magneeia,  Phosphoric  Add,  and  Artenic  Acid.  By- 
Thomas  ThomsoD,  M.D.  F.R.S. 

In  two  papers  published  tatheprecedingTolumeofthe^wui/s^ 
Philosophy,  I  have  endeavoorea  to  determine  the  real  weight  of 
the  atom  of  13  simple  bodies,  and  a  considerable  nmnber  of 
compounds  formed  by  the  union  of  tfaeee  bodies  with  each 
other.  In  every  one  of  these  cases  we  found  reason  to  conclude 
that  the  atomic  weight  of  eveiy  body  is  a  multiple  of  the  weight 
of  an  atom  of  hydrogen.  I  showed  that  the  determinations  of 
Dr.  Wolkston  and  Prof.  Berzelius,  though  in  most  cases  consti- 
tuting Tery  good  appro icimations,  are  never  rigidly  exact,  the 
true  weights  of  the  atoms  of  bodies  constituting  much  simpler 
numbers  than  theybave  supposed.  Ihave  shown,  T  trust  to  the 
satisfaction  of  all  practical  chemists,  that  the  mode  of  experi- 
menting adopted  by  Berzelius  is  not  precise  enough  for  the . 
determination  of  the  weights  of  the  atoms  of  bodies.  I  ought 
to  observe,  however,  that  B^erzeUus  is  undoubtedly  a  veiy  great 
master  of  the  analytical  art';  that  his  analyses  approach  upon 
the  whole  exceedingly  near  the  truth;  and  exhibit  a  consistency 
which  is  highly  satisfactory,  and  does  a  great  deal  of  credit  to 
the  industiy  and  sagacity  of  their  author.  But  unfortunately 
his  mode  of  expenmentiog  admits  of  no  criterion  by  which  the 
experimenter  can  determine  whether  the  results  be  accurate  or 
not ;  80  that  he  has  no  means  of  checking  himself,  and  of  taking 
a2 
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diose  precautions  which  a  knowledge  of  the  existence  of  error 
would  lead  him  to  look  for.  i 

The  mode  of  experimenting  which  I  have  employed  has  the 
great  advantage  of  informing  the  experimenter  whether'  or  not 
bis  results  be  accurate.  When  I  mix  together  a  given  weight 
of  sulphate  of  potash  and  nitrate  of  lead,  it  is  easy,  by  ezamtu- 
ing  the  clear  liquid  which  remains  after  the  precipitate  has  ' 
suDsided,  to  ascertain  whether  that  liquid  holds  in  solution  any 
sulphuric  acid  or  any  oxide ;  thus  showing  whether  either  of 
the  salts  has  been  employed  in  excess,  and  which  of  the  two. 
We  are  thereby  enabled  to  vary  the  weight  of  each  salt  till  at 
last  we  hit  upon  proportions  which  exactly  decompose  each 
other  without  leaving  any  excess  whatever.  The  knowledge  of 
these  proportions  enables  us,  by  the  methods  explained  in  the 
papers  above  alluded  to,  to  determine  the  real  weight  of  the 
atom  of  the  bodies  which  are  the  subject  of  experiment. 

This  method  is  tedious,  and  requires  no  great  share  of  dexte- 
rity in  experimenting.  We  must  take  care  that  our  salts  are 
pure  and  dry ;  that  they  are  accurately  weighed  out,  completely 
dissolved  in  distilled  water,  and  the  solutions  well  mixed  without 
any  loss  whatever.  Whoever  attends  to  these  precautions  will 
be  enabled  to  come  to  results  as  near  absolute  accuracy  as  is 
consistent  with  experimenting.  I  have  made  considerable  pro- 
gress in  determining  tlie  weights  of  the  atoms  of  the  acids  and 
bases  by  this  method  ;  but  at  present  1  mean  to  confiae  myself 
to  the  experiments  made  to  determine  the  atomic  weights  of  the 
five  substances  whose  names  are  placed  at  the  head  of  this 
essay.  The  following  table  exhibits  the  numbers  assigned  to 
the  atom  of  these  bodies  by  Dalton,  Wollaaton,  BerzeHus,  Prout^ 
ftnd  myself: 


D^. 

WdlMM. 

Bmdin.. 

Piait    jTbowMi. 

Strontian 

6-571 
3-428 
2-428 
3-285 

6-9 
3-646 
2-46 
3-74 

12-9460 
7-1206 
6-1672 
8-9230 

14-4077 

3-6 
3-76 

6-6 

Magnesia 

Phosphoric  acid. , . 
Arsenic  acid. 

2-6 
3-5« 
7-26 

To  enable  the  reader  to  compare  Berzeliua's  atoms  with  the 
others  contained  in  the  table,  it  will  he  proper  to  bring  them 
down  to  smaller  numbers.  This  may  be  done  by  dividing  each 
by  2.  Thev  will  then  be  reduced  to  what  they  are  in  the 
following  table : 


Dii-raM,,  Google 
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Sljontian 6-4730 

Lima ,. , . .  3-6603 

Magnesia 2-5836 

Phosphoric  acid 4-4615 

Araenic  acid 7-20385 

When  thus  stated,  they  approach  very  nearly  to  the  other 
atomic  numbers  contained  in  the  table,  though  the  number  of 
decimal  places  is  sufficient  to  render  their  absolute  accuracy 
suspicious.  They  want  one  of  the  criterions  which  1  have 
^own,  in  my  preceding  papers,  that  the  real  atomic  weights  of 
bodies  possess.  They  are  none  of  them  multiples  of  0-125,  the 
weight  of  an  atom  of  hydrogen.  Dalton's  numbers  were  obtained 
by  dividing  the  atomic  weights  which  he  gives  in  his  System  of 
CHiemical  Philosophy  by  7,  which  is  his  weight  of  an  atom  of 
oxygen.  This  is  a  fairer  method  than  the  one  which  I  employed 
in  my  last  paper.  I  there  look  in  his  error  with  respect  to  the 
weight  of  oxygen  when  compared  with  hydrogen.  Here  that 
error  is  not  reckoned  at  all,  but  tacitly  corrected. 

Let  us  now  have  recourse  to  experiments  to  determine  which 
of  these  columns  comes  nearest' the  truth,  or  whether  any  of 
them  be  absolutely  correct.  Sulphate  of  soda  is  composed  as 
follows : 

Sulphuric  acid 5 

Soda 4 

Sulphate  of  soda 9 

According  to  the  numbers  which  I  have  made  choice  of  f*r 
chlorine  and  strontium,  chloride  of  strontium  is  composed  of 

Chlorine 4-5 

Strontium 5*5 

Chloride  of  strontium 10*0 

To  determine  whether  these  numbers  be  correct,  I  took  nine 
grains  of  sulphate  of  soda  recently  kept  for  half  ati  hour  in  the 
ctate  of  igneous  fusion,  and  dissolved  it  in  a  small  quantity  of 
distilletl  water,  i  likewise  dissolved  in  another  poctioa  ,of 
distilled  water.  10  grs.  of  chloride  of  strontium,  reoent^  fused 
and  perfectly  dry.  These  two  hquids  were  carefully  mixffd 
together,  and  allowed  to  remain  in  contact  for  24  hours.  I  then 
drew  off  a  portion  of  the  clear  liquid,  and  examined  it.  No 
change  whatever  was  produced  in  it  by  nitrate  of  barytes.  Of 
course,  it  contained  no  sensible  quantity  of  sulphuric  acid.  It 
was  not  rendered  in  the  least  turbid  by  sulphate  of  soda,  phos- 
phate of  soda,  arseoiate  of  soda,  orchromate  of  potash.  Hence 
there  is  no  evidence  tint  it  cwttaincd  any  stroptian. 

I  consider  myself  as  warranted  by  the  preceding  exp^ment 
-t»«oaclade,  that  chloride  of  strontium  is  oompoaedof 
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Chlorine 4*5 

Strontium 5*5 

10-0 
Consequently  muriate  of  strontian  is  composed  of 

Muriatic  acid  4*625 

Strontian 6-5 

11-125 

It  is  obvious,  therefore,  that  the  brue  weight  of  an  atom  of 
Btrontian  is  6'5,  the  very  weight  which  I  have  already  assi^ed. 
The  above  experiment  will  neither  succeed  with  Dalton's,  WoU 
laston's,  nor  Berzelius's  numbers — a  sufficient  proof  that  none  of 
them  is  absolutely  correct. 

2.  I  made  a  great  many  trials  before  I  was  able  to  determine 
tilie  weight  of  an  atom  of  lime  ;  but  I  consider  it  as  needless  to- 
relate  those  which  were  unsuccessful.  Indeed  I  failed  so  fre- 
quently that  I  for  some  time  despaired  of  being  able  to  deter- 
mine the  point.  However  by  persevering  and  trying  one  method 
after  anouier,  I  at  last  hit  upon  a  way  which  is  quite  easy,  and 
-  which,  if  carefiilly  performed,  yields  most  satisfactory  results.. 
No  salt  of  lime  whicn  I  tried  possessed  sufficient  solubihty,  and 
the  capacity  of  being  totally  deprived  of  water  by  heat  without 
decomposition.  I  was  obliged,  therefore,  to  have  recourse  to 
calcareous  spar.  I  took  peifecdy  pure  calcareous  spar,  reduced 
it  to  a  coarse  powder,  and  exposed  it  for  an  hour  to  a  tempera- 
ture of  between  300°  and  400°,  which  renders  it  perfectly  dry 
without  disengaging  any  sensible  quantity  of  carbonic  acid,  it 
■will  appear  by  the  experiments  which  1  am  going  to  relate,  that 
pure  d^  carbonate  oi  lime  is  composed  of 

Carbonic  acid 2-76 

Lime 3-5 

Carbonate  of  lime 6-25 

When  pure  crystals  of  bicarbonate  of  potash  are  exposed  t» 
a  red  heat  in  a  crucible  of  platinum,  one  half  of  the  carbonic 
acid  is  driven  off,  and  there  remains  pure  and  dry  carbonate  of 
potash.     Now  this  salt  is  composed  of 

Carbonic  acid 2'75 

Potash ,  6-00 

Carbonate  of  potash 8*75 

Hie  knowledge  of  the  composition  of  these  salts  will  enable 
the  reader  easily  to  follow  the  experiments  which  I  am  going  to 
relate. 

6'25  grs.  of  dry  calcareous  Bpar  were  dissolved  in.  muriatie 
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acid,  aad  the  solution  was  evaporated  to  dryness  on  a  sand-bath 
at  a  temperature  not  much  exceeding  100  .  The  dry  salt  waa 
then  dissolved  in  distilled  water.  It  obviously  contained  3*5 
grs.  of  lime  saturated  with  muriatic  acid  ;  and  from  the  result  of 
Sie  experiment,  it  will  immediately  appear  that  muriate  of  lime 
is  a  compound  of 

Muriatic  acid 4'625 

Lime 3-6 

Muriate  of  lime 8-125 

8*75  gre.  of  carbonate  of  potash  were  dissolved  in  a  separate 
portion  of  distilled  water,  and  the  solution  was  mixed  with  that 
of  the  muriate  of  lime.  A  double  decomposition  took  place, 
carbonate  of  lime  precipitated,  and  the  clear  Uquid  held  muriate 
of  potash  in  solution.  A  portion  of  this  liquid  was  drawn  ofiT 
and  examined.  It  produced  no  change  upon  the  colour  of 
paper  stained  red  by  cudbeitr.*  Oxalate  of  ammonia  occasioned 
no  precipitate  in  it.  From  these  facts  I  consider  myself  entitled 
to  conclude  that  the  whole  of  the  carbonale  of  potash  was 
exactly  neutralized  by  muriatic  acid,  and  that  the  whole  of  the 
lime  had  been  precipitated  in  the  state  of  a  carbonate.  It 
obviously  follows  that  the  weight  of  an  atom  of  lime  is  3'6.  This 
is  the  atomic  weight  already  assigned  by  Dr.  Prout.  My  num- 
ber is  too  high,  and  Mr.  Dajton's  too  low.  The  number  of 
Woliaston  ana  Berzelius  is  much  nearer  the  truth  than  either 
Salton's  or  mine,  though  both  of  them  ate  rather  too  high. 

To  enable  the  reader  tojudgeofthe  accuracy  of  the  preceding 
conclusion,  it  may  not  be  amisa  to  select  two  out  of  the  great 
number  of  experiments  which  1  made  with  a  view  to  determine 
the  weight  of  an  atom  of  lime. 

(1.)  If  we  suppose  the  atom  of  lime  to  weigh  3-625,  which  is 
the  atomic  weight  that  1  had  pitched  upon,  then  it  is  clear  that 
dry  carbonate  of  lime  must  be  composed  of 

Carbonic  acid  . . . , 2-75 

Lime 3-625 

Carbonate  of  lime 6-376 

To  verify  this  supposition,  I  dissolved  6*375  grs.  of  dry  car- 
bonate of^  lime  in  muriatic  acid,  evaporated  the  solution  to 
dryness,  redissolved  the  residue  in  distilled  water,  and  mixed  it 
with  a  solution  of  8*75  grs.  of  carbonate  of  potash.  After  the 
.^carbonate  of  lime  had  precipitated,  a  portion  of  the  clear  liquid 
-was  drawn  off,  and  some  oxalate  of  ammonia  dropped  into  it. 
An  abundant  precipitate  of  oxalate  of  lime  fell  down.     Hence 

*  Thk  u  Sk  moat  ddicate  leac  rf  aUuliei  that  I  am  wquainlcd  with.  A  TC17 
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iime  Btill  remained  in  sohitton ;  eausequ^itljr  the  uubonate  »f 
j^otash  had  not  been  sufficient  to  throw  down  dl  the  lime.  Wio 
see  from  this  that  an  atom  of  time  is  not  so  heavy  aa  3-625, 

(2.)  The  nearest  multiple  of  0-125  to  Mr.  Dalton'a  atomic 
^might  of  jime  is  3'375.  rTow  if  this  be  the  weight  of  an  aton 
•f  nme,  it  is  plain  that  dry  carbonate  of  Ume  must  be  OQOi- 
jtosed  of 

Carbonic  acid  ..." 2'75 

Lime 3-376 

Carbonate  of  lime 6*126 

To  verify  this  supposition,  I  dissolved  6'125grs.  of  carbonate 
9$  bmein  muriatic  acid,  and  after  treating  the  solution  in  the 
. manner  already  described,  I  mixed  it  with  a  solution  of  8-76 
grs.  of  carbonate  of  potash.  After  the  carbonate  of  lime  had 
subsided,  the  clear  aupematant  liquid  was  not  precipitated  by 
OKftlate  of  ammonia,  and,  therefore,  contained  no  lime ;  but  it 
(Bstantly  rendered  cudbear  paper  violet,  and  therefore  contained 
»a  excess  of  potash.  Hence  the  muriatic  acid  united  with  the 
lime  had  not  been  sufficient  to  saturate  the  whole  of  the  potash. 
It  is  clear  from  this  that  an  atom  of  lime  is  heavier  than  3-375. 

These  experiments  are  sufficient  I  trust  to  satisfy  the  reader 
that  the  true  weight  of  an  atom  of  lime  is  3-5. 

3.  1  found  much  less  difficulty  in  determining  the  weight  of 
:Ui  atom  of  magnesia  than  of  lime.  Sulphate  of  magnesia  may 
•Ite -exposed  to  a  red  heat,  and  rendered  thoroughly  dry  without 
losing  any  of  its  acid,  if  the  experiment  be  properly  conducted, 
-if  the  weight  of  an  atom  of  magnesia,  which  I  have  assigned, 
-immely,  2-5  be  correct,  it  is  obvious  that  anhydrous  sulphate  dl 
mgnesia  is  composed  of 

Sulphuric  acid 5*0 

Magnesia , 2*5 

Sulphate  of  magnesia 7*5 

Anhydrous  chloride  of  barium,  as  I  demonstrated  in  a  former 
paper,  is  composed  of 

Chlorine . . , .  j 4*5 

Barium 8*75 

Chloride  of  barium 13-26 

7-5  grs.  of  anhydrous  sulphate  of  magnesia,  and  13-25  .gT8.4if 
chloride  of  barium,  were  respectively  dissolved  in  two  distinct 
l^rtions  of  distilled  water,  and  the  solutions  mixed  together 
and  well  agitated.  After  the  sulpliate  of  bantes  bad  subsided,  a 
portion  of  th^ clear  lii^uid  was  drawn  off  and  examined  :  neither 
^phate  of  soda  nor  nitrate  of  barytes  occasioned  any  precipitate 
vrmuddiness  io  it.    Hence  it  ia  obvious  that  the  liquid  n"'*^' 
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contained  tarf  batytes  nor  any  Bu^)lKlIic  acid  in  solution;  so 
that  the  Bulphuiic  acid  in  die  7'5  grs.  of  lulplute  of  mas^eaa 
bad  >aBt  saturated  the  baryt^'  from  13-25  grs.  of  chlonde  of 
barium.  It  is  obvious  then  that  the  true  weight  of  an  atom  of 
m^nesia  is  2'6;  therefore,  the  atomic  weight  assigned  by 
Daltoa  and  Wollaston  is  too  small,  while  that  assigned  by  Ber- 
zehus  is  too  high.  Accordingly,  if  we  mix  together  anhydrous 
sulphate  of  magnesia  and  chloride  of  barium  in  the  proportions 
indicated  by  these  numbers,  we  shall  in  the  one  oase  find  an 
eiwess  of  sulfthuric  acid,  and  in  the  other  of  barytes,  in  the  li^akl 
after  the  precipitate  has  subsided,  indicating  obviously  an  error 
in  the  weight  of  the  salts  thus  mixed  together,  and  conseqneptly 
an  error  in  the  numbers  assigned  by  these  gentlemen  for  the 
weight  of  an  atom,  of  magnesia. 

4.  The  weight  of  an  atom  of  phosphoric  acid  has  cost  me 
first  and  last  a  good  deal  of  trouble.  I  have  the  happiness, 
however,  at  last  to  be  able  to  lay  before  the  reader  experiments 
of  so  decisive  a  nature  that  no  doubt  nor  uncertainty  can  rest 
upon  the  subject  for  the  future.  In  the  year  1816  I  drew  up  a 
paper  upon  the  subject,  the  result  of  a  good  many  experiments, 
which-  was  read  before  the  Royal  Society.  Some  discussion 
took  i^ace  in  the  committee  of  papers  relative  to  these  experi- 
ments ;  and  Dr.  Wollaston,  who  was  a'  member  of  that  commit- 
tee, and  to  whose  friendship  and  assistani^e  I  have  been 
very  frequently  obliged,  kindly  brought  the  paper  to  me  to  give 
me  an  om>ortupity  of  correcting  some  numenciu  mistakes  which 
ne  had  observed  in  it-  By  this  time  I  had  made  the  experiments 
on  phosphoretted  hydrogengas,  which  were  soon  after  published 
in,  the  Annals  of  Philosophy.  These  experiments  had  made  me 
acquainted  witn  the  true  weight  of  the  atom  of  phosphorus, 
phosphorous  acid,  and  phosphoric  acid,  and  had  explained  all 
the  errors  into  which  I  had  fallen  in  my  original  paper.  I  had, 
therefore,  been  extremely  desirous  or  withdrawing  my  papsr 
from  the  Royal  Society,  in  order  to  have  an  opportunity  of  cor- 
lectins  it.  Of  course,  when  it  was  put  into  my  htrnds  by 
Dr.  Wollaston,  I  requested  of  the  Society  to  be  allowed  to  ke^ 
it,  and  this  request  they  were  kind  enough  to  indulge  me  in. 

Just  at  the  time  that  my  proof  sheet  giving  an  account  of 
phosphorus  in  the  fifth  edition  of  my  System  of  Chemistry  was 
in  my  possession,  1  received  Mr.  Dalton'a  short  paper  on  pho»- 

?huretted  hydrogen  gaa,  which  was  printed  in  the  Annals  o^ 
'kiloaophy.  In  uat  pap^  Mr.  Dalton  states  that  phospburetted 
hydrogen  gas  is  capable  of  condensiag  twice  its  volmae  ef 
o^gen  gas.  I  iiad  just  before  been  informed  by  Gay-Luseac  of 
.liluIoQ^'e  discovery  of  hypophosphorous  acid,  and  had  read  ov«r 
Bendius's  paper  on  phosphorus  and  its  compounds,  in  which  he 
^Dws  by  8  number  of  analyses  agreeing  very  well  with  eB<^ 
■othec  wit  the  atomic  nre^ht  of  phosphoric  acid  is  4-6,  or  at 
1— at  vaty  near  th^  diiii^>ot.    Being  p^ectiy  sore  of  the  aoott- 
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racy  of  iny  own  experiments,  and  not  suspecting  anj  inaccuracy 
in  Mr.  Dalton's,  I  naturally  concluded  that  pnosphuretted 
hydrogen  gas  was  o^abl^  of  uniting  with  three  {voportions^r 
oxygen  gas ;  namely, 

I  volume  phosphuretted  hydrogen  with  I'O  volume  oxygen 
1 2-0 

The  first  two  of  these  proportions  were  my  own  ;  the  last  wa» 
Dalton's.     Now  phosphuretted  hydrc^en  gas  is  composed  of 

I  volume  hydrogen  gas  1         ,        j  ■  .  < 

•      I  iT      1?  >  condensed  mto  one  volume. 

1  volume  phosphorous  vapour/ 

The  volume  of  hydrogen  gas  requires  half  a  volume  of  oxygen 
gas  to  convert  it  mto  water.     Therefore,  we  have 

1  volume  phosphorus  uniting  with  0'5  volume  oxygen 

1 1-0 

1 1-5 

This  is  the  same  thing  as  saying  that  an  atom  of  phosphorus 
unites  with  one  atom,  two  atoms,  and  three  atoms  of  oxygen.  I 
had  demonstrated  that  an  atom  of  phosphorus  wei^tis  1*5.' 
Hence  it  was  obvious  that  the  weights  of  these  three  compoundft 
of  oxygen  and  phosphorus  must  be  as  follows  : 

First  compound 2'5 

Second  ditto.  "r..i. 3-5 

Third  ditto 4-5 

I  concluded  that  these  three  compounds  were  hypophospho- 
,rous  acid,  phosphorous  acid,  and  phosphoric  acid.  This  recon- 
.ciied  my  own  experiments  with  tiiose  of  Dalton  and  Berzelius. 
I  was  induced  by  this  reasoning,  which  will  be  admitted  to  be 
sufficiently  plausible,  to  alter  the  proof  sheet,  and  to  bring  it  to 
the  state  in  which  it  appeared  in  the  fifth  edition  of  my  System 
of  Chemistry. 

Si6on  after  this  I  went  to  Glasgow,  and  nearly  a  year  elapsed 
before  I  was  in  possession  of  a  laboratory,  or  had  it  in  my  power 
to  return  to  the  subject.  As  soon  as  I  had  the  means  I  tried 
Mr.  Datton's  experiment,  and  was  a  good  deal  snipnsed  to  find 
it  inaccurate.  I  was  unable  to  obtain  a  complete  combustion  of 
a  mixture  of  one  volume  phosphuretted  hydrogen  gas  and  two 
volumes  of  oxygen.  I  was  now  satisfied  that  my  original  views 
on  the  subject  were  correct ;  and  Davy's  paper  on  the  subject, 
which  appeared  about  this  time,  and  which  agreed  exactly  witii 
my  original  views,  served  to  confirm  my  opinion.  Berzehus's 
tlxperiments  still  remained  to  be  accounted  for.  I  was  satisfied 
that  they  mnst  be  inaccurate;  but  the  difficulty  waa  to  hit 
upon  a  method  of  demonstrating  them  to  be  so.    The  experi- 
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ments  which  I  am  now  going  to  relate  will  leave  no  doubts  on 
the  snt^ect  ia  the  mind  of  any  practical  chemist.  I  do  not 
kuow  how  Berzelius  has  deceived  himself;  but  that  he  laboured 
under  some  deception  or  other  will  not  admit  of  a  doubt. 

It  would  be  tiresome  and  perFectly  unnecessai^  to  relate  the 
nnmerous  expeiiments  which  I  made  to  determine  the  weight  oT 
an  atom  of  phosphoric  acid.  I  shall  confine  myself  to  those 
which  answered  the  object  that  I  had  in  view. 

If  Berzelius's  opinion  respecting  the  weight  of  an  atom  ot 
phosphoric  acid  be  true,  then  anhydrous  phosphate  of  soda  ia- 
comjioaed  of 

Phosphoric  acid 4-5 

Soda 4-0 

Phosphate  of  soda ' . . 8*5 

We  have  seeu  in  a  former  paper  that  dry  nitrate  of  lead  is- 
composed  of 

Nitric  acid 6*75 

Protoxide  of  lead 14*00 

Nitrate  of  lead 20-75 

To  put  Berzelius's  analyses  to  tlie  test  of  experiment,  I 
exposed  a  quantity  of  pure  crystallized  phosphate  of  soda  to  a- 
red  heat,  and  kept  it  in  fusion  for  half  an  hour.  8"5  g.~s.  of  this, 
anhydrous  salt  and  20*75  grs.  of  dry  nitrate  of  lead  were  respec- 
tively dissolved  in  separate  portions  of  distilled  water,  and  the 
solutions  were  intimately  mixed  together.  After  the  phosphate 
.  of  lead  had  precipitated,  a  portion  of  the  clear  liquid  was  amwa 
off  and  examined.  It  yielded  a  white  precipitate  when  mixed 
with  nitrate  of  lead  and  with  muriate  of  lime.  Hence  it  ohvionsty" 
contained  phosphoric  acid  in  solution.  Hence  the  oxide  of  lead. 
in  20*75  grs,  of  nitrate  of  lead  is  not  capable  of  neutralising  all 
the  phosphoric  acid  in  8*5  grs.  of  anhydrous  phosphate  of  soda.. 
It  follows  from  this  that  Berzelius's  statement  of  the  composition 
of  phosphate  of  soda  b  incorrect. 

If  my  own  opinion  respecting  the  composition  of  phosphoric 
aud  be  true,  its  weight  must  Joe  3'6,  and  anhydrous  phosphate 
of  soda  must  be  composed  of 

Phosphoric  acid 3*5 

Soda 4*0 

Phosphate  of  soda 7*5 

.  To  verify  this  opinion,  7*5  grs.  of  aohydroua  phosphate  of 
■oda  and  20*76  grs.  of  dry  nitrate  of  lead  were  dissolvea  respec- 
tively in  separate  portions  of  distilled  water,  and  the  solutiooa 
mixed  together.     After  the  phosphate  of  lead  had  subsided,  a 
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portion  of  the  clear  liquid  was  drawn  off  and  eKaminod.  it 
yielded  do  precipitate  when  mixed  with  nitrate  of  l«ad  or  imimfr 
of  hme ;  and,  therefore,  contained  no  phosphoric  aoid  in  aolo- 
tion  ;  neither  was  it  affected  when  sulphate  of  soda  was  droppsd 
into  it — a  proof  that  it  was  equally  free  trom  lead.  We  see  then 
that  the  phosphoric  acid  in  7*5  gra,  of  anhydrous  ^osphate  of 
soda  is  exactly  neutralized  by  the- oxide  of  lead  in  20'7&  grs,  of 
nitrate  of  lead.  Therefore  an  atom  of  phosphoric  acid  imgfas 
9'5,  and  phosphate  oflead  is  composed  of 

Phosphoric  acid  . .     3-5    20   100 

Oxideoflead 14-0   ....  80   ....400 


Here  thwi  is  the  source  of  Berzeliua's  mistakes.  He  makes 
the  composition  of  phosphate  of  lead  to  be 

Phosphoric  acid 100 

Protoxide  of  lead 314 

I  do  not  kooiv.  the  reason  of  this  diiSerence.  It  must,  I  think, 
be  owtng^ either  to  a  mixture  of  two  phosphates  of  lead,  or  to  the 
formation  of  a  compound  different  from  neutral  phosphate  of 
lead.  I  obtained  a  result  approaching  to  that  of  Berzelius,  whea 
I  attempted  to  determine  the  composition  of  phosphate  of  lead 
by  direct  experiments.  But  be  the  cause  of  the  error  what  it 
may,  there  can  be  no  doubt  entertained  of  its  existence,  at  least 
bv  any  person  who  will  take  the  trouble  to  repeat  theexperim^t 
wnich  t  have  just  described. 

We  see  that  the  weights  of  the  atom  of  phosphoric  acid  and 
of  hme  are  exactly  equal.  Hence  neutral  phosphate  of  Hme  ia 
composed  of 

Phosphoric  acid 50 

Lime 60 

100 

When  I  first  attempted  to  determine  the  weight  of  an  atom  of 
phosphoric  acid,  I  had  recourse  to  salts  of  lime,  knowing  the 
perfect  insolubiliw  of  phosphate  of  Hme  in  water.  I  uissolred 
determinate  weights  of  carbonate  of  lime  in  muriatic  acid,  evapo- 
rated the  solution  to  dryness,  and  mixed  it  with  a  determinate 
weight  of  phosphate  of  soda;  but  I  soon  found  that  it  is  impos- 
sible to  precipitate  lime  completely  from  a  muriatic  acid  solution 
of  lime  (though  perfectly  neutral)  by  means  of  phosphate  of  soda. 
The  solution  of  muriate  of  soda  has  the  property  of  holding  phos- 
phate of  lime  in  solution,  and  the  presence  of  lime  is  always 
indicated  in  the  clear  solution  by  means  of  oxalate  of  ammonia, 
irfjich  throws  down  a  copious  precipitate  of  oxalate  of  hioe.  I 
hare  no  douht  that  this  solubility  of  pli 


B  solubility  of  phosphate  of  lime  ia  •<^- 
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tioiu  of  muriate  of  Boda,  itlid  probably  ia  many  other  saline 
•ekitiom,  has  misled  experimeatem  ia  their  attempts  to  analyxs 
&e  phosphates. 

I  intend  the  hrst  leisure  opportunity  to  correct  my  old  paper 
on  phosphoric  acid,  and  give  it  to  the  public.  It  contains  maiiy 
fccts  Still  mikaown  to  chemists  in  general,  notwithstanding  the 
•xpeciments  of  Bcnehus  on  the  subject;  and  now  that  I  am 
Mrare  c^  what  the  true  composition  of  the  phosphates  is,  it  will 
BOtbesodifficult'to  obtain  accurate  results. 

5.  The  exact  knowledge  of  the  weight  of  an  atom  of  aisemc 
acid  is  of  considerable  impoiitance  towards  the  perfection  of  the 
atomic  theory.  liitherto  Berzelius  is  almost  the  only  person  who 
has  made  direct  experiments  to  determine  the  atomic  weights  of 
arsenious  and  arsenic  acids.  He  has  concluded  from  his  experi- 
meuts,  and  the  conclusion  seems  to  bave  been  acquiesced  in  by 
«^eiuists  in  general,  that  the  oxygen  in  arsenious  and  arsenic 
acids  are  to  each  other  in  the  ratio  of  3  to  5.  It  will  be  seen 
from  the  table  near  the  beginning  of  this  paper,  that  my  atomic 
number  for  the  weight  of  an  atom  of  arsenic  acid  very  nearly 
agrees  with  that  of  Berzelius.  In  a  paper  published  in  a  late 
volume  of  the  Aiinah  of  Philosophy,  iadeea,  I  endeavoured  to 
show  that  the  double  or  my  number,  or  14'5,  which  veiy  nearly 
agrees  with  the  number  actually  pitched  on  by  Berzelius,  is  the 
real  weight  of  the  atom  of  arsenic  acid.  The  object  which  I 
had  in  view  was  to  get  rid  of  certain  fractions  which  disfigure 
&e  composition  of  arsenious  and  arsenic  acids  as  I  represented 
them  in  uie  fifth  edition  of  my  System  of  Chemistry,  The  expe- 
nments  which  I  am  now  going  to  relate  will  show  how  far  these 
views  are  consistent  with  matter  of  fact. 

If  arseniate  of  soda  in  crystals  be,  as  I  represented  it  in  a  pre- 
ceding paper,  a  compound  of  1  atom  arsenic  acid  =  14-5  and 
1  atom,  soda  =  4,  then  its  composition  must  be  as  follows : 

Arsenic  acid 14*d 

Soda 4-0 

Arseniate  of  soda ~. 18'5 

We  hare  seen  already  that  nitrate  of  lead  is  composed  of 

Nitric  acid 6-75 

Protoxide  of  lead 14-00 

Nitrate  of  lead 20-76 

18-5  grs.  of  arseniate  of  soda  previously  kept  in  a  state  of 
igneous  fusion  for  half  an  hour  in  a  platinum  crucible,  were  dis- 
solved in  distilled  water.  2075  grs.  of  nitrate  of  lead  were 
dissolved  in  another  portion  of  distilled  water,  and  the  two  solu- 
tions mixed  intimately  with  each  other.  After  the  aiseniate  of 
lead  had  subsided,  the  clear  liquid  was  drawn  off  and  examined. 
When  mixed  with  nitrate  of  lead,  a  very  oopiosa  precipitate  fell, 
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ebowing  that  the  liquid  still  contfuned  a  great  deal  of  arsenic 
acid ;  coDfiequeatly  the  supposition  that  the  ciygtalliz^e  arse- 
niate  of  soda  is  a  compouoa  of  ooe  atom  arsenic  acid  and  one 
atom  soda  cannot  be  well  founded.  This  will  appear  still  more 
dearly  by  the  following  experiment : 

Supposing  that  the  crystallized  arseniate  of  soda  contained 
two  atoms  of  arsenic  acid  united  to  one  atom  of  soda,  1  took  a 
quantity  of  carbonate  of  lime,  equiralent  to  two  atoms  of  lime, 
which  IB  obriously  12-6  gis. ;  tor  carbonate  of  lime  is  ci)m- 
posedof 

Caibonic  acid 2-7& 

lime S*&0 

Carbonate  of  lime 6'25 

And  6*25  X  3  =  12'5.  This  quantity  I  dissolved  in  muriatic 
acid,  evaporated  the  solution  to  dryness,  and  dissolved  the  dtf 
salt  in  distilled  water.  18-5  grs.  of  dry  arseniate  of  soda  were 
dissolved  in  another  portion  of  distilled  water.  These  two 
liquids  were  mised  together.  I  was  surprised  to  find  that  no 
precipitate  of  arseniate  of  time,  or  at  least  only  a  very  slight  one, 
appeared.  The  solution  had  the  property  of  reddening  vegetable 
Uues.  We  see  from  this,  that  bmarsemate  of  soda  is  incapable 
of  decomposing  muriate  of  lime.  When  ammonia  was  poured 
mto  the  solution,  a  copious  precipitate  of  arseniate  of  lime  fell 
in  small  silky  needles.  After  the  precipitate  had  subsided,  the 
clear  liquid  wa»  found  to  precipitate,  when  mixed  with  oxalate 
of  ammonia.  It,  therefore,  contained  an  excess  of  lime.  This 
experiment  shows  clearly  that  the  crystallized  arseniate  pf  soda 
is  a  binarseniate,  and  that  an  atom  of  arsenic  acid  weighs  more 
than  7*25,  the  weight  which  I  assigned  in  the  fifth  edition  of 
my  System  of  Cheoiistry. 

After  a  great  many  trials,  which  I  consider  it  as  useless  to 
relate,  I  found  that  19-5  grs.  of  binarseniate  of  soda  and  41-6 
grs.  of  nitrate  of  lead,  when  separately  dissolved  in  distilled 
water,  and  the  solutions  well  mixed  together,  after  all  the  arse- 
niate of  lead  had  precipitated,  left  a  clear  liquid  which  contained 
no  sensible  quantity  of  oxide  of  lead,  or  of  arsenic  acid.  But  if 
18-5  grs.  or  19  grs.  of  binarseniate  of  soda  were  employed,  an 
excess  of  lead  always  remained  in  solution.  From  this  experi- 
ment, it  is  obvious  that  the  equivalent  number  for  auhythous 
binarseniate  of  soda  is  19-5,  and  that  it  is  a  compound  of 
2  atoms  arsenic  acid  =  15-5,  and  1  atom  soda  =  4. 

Hence  an  atom  of  arsenic  acid,  instead  of  weighing  7-25,  as  I 
.  supposed,  weighs  in  fact  7-75,  and  arseniate  of  lem  is  a  com 
pound  of 

Arsenic  acid 7-75 

Protoxide  of  lead 14-00 

Arseniate  of  lead 21-76 
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There  is  reason  to  conclude  from  the  experiments  made  bjr 
different  chemists  on  arsenic  and  arsenious  acid,  tbat  the  weight 
of  an  atom  of  arsenic  is  4*75.  It  may  be  seen  by  consulting  nnr 
System  of  Chemistry  (either  fifth  or  sixth  edition)  tbat  Beneuus^ . 
experiments  lead  to  the  conclusion  that  arsenious  acid  is  a  com- 

Kund  of  4-75  arsenic  +  i*6  oxyeeo.  The  preceding  experiment 
Tes  no  doubt  tbat  arsenic  acid  is  a  compound  oiA'Tit  arsenic 
+  3  oxygen.  Thus  we  have  these  two  acids  composed  as 
follows  : 

Arsenious  acid  of.  ..  4*75  arsenic  +  1-5  oxygen 
Arsenic  acid  of.  ....  4*75  +  3*0 

We  see  that  the  oxygen  in  these  two  acids  has  not  the  ratio  . 
of  3  to  6,  as  Berzelius  si^posed,  but  of  1  to  2.  The  anomaly 
«f  14.  atom  of  oxygen  combined  with  1  atom  of  arsenic  in  arte- 
niouB  acid  still  continues.  I  have  not  yet  hit  upon  a  method  of 
imttiDg  the  atomic  weight  of  an  i^om  of  anenioas  acid  to  the 
test  of  an  unequivocal  experimeat ;  bat  I  have  little  doubt  that 
t)ie  true  wei^it  of  oxygen  in  sncmttM  add  comhined  with  4-76 
arsenic  is  2 ;  and  that  the  oxygen  in  arsenious  and  arsenic  acida 
ban  to  each  other  the  ratio  of  2  to  3 ;  as  is  the  case  in  sulphu- 
loos  and  sulphuric  acids.  I  conceive  the  atomic  weights  of 
arsenic,  arsenious,  and  arsenic  acids,  to  be  as  follows  : 
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Arsenic 4*75        >> 

Arsenious  acid f 6-75 

Arsenic  acid 7-75 

The  two  acids  are  compoeed  as  follows : 

Arsenious  acid  1  atom  arsenic  +  2  atoms  oxygen 
Arsenic  acid  . .  1  .1-3 

I  do  not  despair  of  being  able  to  decide  this  very  important 
point  hereafter  by  satisfactory  experiments.  In  the  mean  time 
we  may  conclude  that  the  ratio  of  2  to  5,  which  Berzelius  has 
endeavoured  to  establish  in  the  oxygen  combining  with  phos- 
phorus and  with  arsenic,  does  not  exist.  This  is  a  simplification 
of  the  atomic  theory  of  some  importance.  I  am  thoroughly  per- 
suaded that  as  we  proceed  in  our  investigations,  the  simplicity 
of  the  atomic  theory  will  become  more  and  more  apparent.  The 
complex  numbers  of  Berzelius  will  all  disappear ;  and  the  appli- 
cation of  mathematical  reasoning  will  by  and  by  enable  us  to 
advance  with  unexpected  rapidity  in  the  chemical  investigation 
of  the  vegetable  and  animal  kingdoms. 


..gniaObyCQOglc 


Mr,  Waiium  PAUUps  on'  [|JiH. 


On-  tiu  Geo/ogy  of  the  Malvern  HUk.    By  William  PhiBips, 
FLS.  MGSX  8l  C.  and  Hon.  Mem.  of  the  Cambridge  Philo- 
-  w^ieal  Society. 

The  Malvern  range  of  hills  is  peculiarly  interesting  as  bein^ 
gmrounded  by  deposits  which  appear  to  have  httle  geologic^ 
connexion  with  its  racks,  as  well  as  from  the  remarkable  com- 
position'of  the  latter.  In  the  first  volume  of  the  Transactions 
of  the  Geological  Society,  there  is  ao  interesting  communication 
on  the  subject,  by  Leonard  Homer,  Esq.  FRS.&c.;  but  having, 
as  1  imagine,  observed  some  circumstances  deserving  of  note 
which  escaped  the  notice  of  that  gentleman,  I  venture  to  sup- 
jNOse  them  worthy  of  a  place  in  the  Annals  of  Philosophy:  and 
as  it  would  be  difficolt  to  reader  these  observations  intelligible 
mthout  giving  a  general  account  of  the  range,  I  am  induced  to 
incorporate  them  with  extracts  from  the  paper  above-mentioned, 
d^Btinguisfaing  such  extracts  by  placing  them  between  inverted 
commas ;  thus  affording  to  the  traveller  a  comprehensive  vievr 
of  this  singularly  interesting  range,  but  premisine  that  he  wiU 
find,  in  the  first  volume  of  the  Transactions  of  me  Geological 
Society,  many  mtnutiEe  which  do  not  appear  essential  to  the 
present  object,  which  is  primarily  to  show  that  the  rocks  of  this 
ECinge  are  occasionaUy  stratified;  and'  secondly,  to  do  away  the 
too  commonly  received  and  erroneous  opinion  that  they  partly 
consist  of  granite. 

"  The  Rlalvem  hills  ace  situated  in  the  south-western  part  of 
Worcestershire;  the  boundary  which  divides  the  counties  of 
Worcester  and  Hereford  passes  along  their  western  side.  They 
consist  of  an  uninterrupted  chain  of  abont  nine  miles  in  length 
from  north  to  south,  tlieir  greatest  breadth  not  exceeding  two 
miles.  The  several  parts  o(  the  chain  present  roundish  sum- 
mits," but  the  nearly  continuous  line  formed  by  the  summit  of 
the  central  part  of  the  range  forms  a  remarkably  narrow  ridge, 
which,  except  here  and  there,  is,  in  common  with  the  rest  of 
these  hills,  covered  with  short  grass  and  moss  :  fern  is  also  seen 
on  the  sides,  except  where  the  rocks  rise  from  beneath  the 
vegetation. 

"  The  highest  point  of  the  range  is  the  Worcestershire 
Beacon,  which  is  1444  feet  above  the  level  of  the  sea ;  the 
Herefordshire  Beacon,  and  North  Hill,  are  somewhat  lower," 
.  The  range  is  flanked  on  the  western  side  by  limestone  in 
remarkably  regular  strata  dipping  generally  to  the  north  or 
north-west,  at  a  low  anele,  and  on  the  east,  and  the  north  and 
south  extremities,  by  the  New  Red  Sandstone  or  Red  Marie, 
which  is  visible  beside  the  road  in  two  or  three  places  on  the 
south  ot  Great  Malvern,  at  a  higher  elevation  than  that  place. 
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and  at  the  n 

with  the  tf 
than  the  c 
same  deposit. 

The  soil  which  supports  the  moss  and  grass  with  which  thea^ 
hills  are  generally  covered  appears,  for  a  Tew  inches  in  depth,  to 
assume  the  character  of  vegetable  mould,  but  that  there  is  oelow 
it,  and  covering  the  Toclts  of  which  the  hills  are  couBtituted,  a 
depth  of  loose  earth,  is  not  only  evinced  by  the  generally  smoodi 
surface  of  the  hills,  tuid  by  the  occasional  openings  beneath  the 
vegetation,  but  also  by  the  fresh  mole-hills  which  are  found  in 
niany  places,  and  even  near  the  summits  of  some  parts  of  tfae 
range.  This  loose  earth  varies  in  colour  from  that  of  commoti 
sand  to  a  fawn  colour,  and  in  substance  sometimes  resembles 
sandy  loam  in  appearance :  it  is  probable  that  it  has  resulted 
from  the  decomposition  of  the  softer  and  more  readily  decom- 
posable rocks  of  these  hills,  andilisowingtothisdecompositioD 
that  "  the  comparatively  little  opportumty  for  examimng  the 
nature  of  the  rocks  of  this  range  is  confined  to  those  which  rise 
here  and  there  on  the  summits  and  sides  above  the  grassy  cover- 
ing, and  4o  the  sides  uf  the  carriage  road  which  runs  near  its 
base  for  a  considerable  distance  on  both  sides  the  range,  and 
round  its  northern  termination,  and  to  the  quarries  at  the  latter 
place,  and  also  Castle  Morton  quarry,  about  two  miles  sontli 
of  Little  Malvern  j"  to  which  may  be  added  the  loose  masses  in 
die  ravine  behind  Great  Malvern,  and  in  that  between  North  Hilt 
and  End  HiD. 

It  must  be  acknowledged  that  it  is  impossible  to  give 
to  ^e  rocks  of  these  hills  one  general  designation ;  but  uiey 
appear  to  belong  to  sieuite  and  the  trap  fonnation.  The  dififer- 
ence  between  aienite  and  greenstone  consists  only  in  the  colour 
of  the  felspar.  These  rocks  may,  for  the  most  part,  be  denomi- 
nated greenstone ;  oflen,  however,  they  consist  decidedly  of 
aienite,  and  sometimes  may  properly  be  termed  sienitic  green- 
atone  ;  occasionally  epidotic  sienite.  Whenever  the  felspar 
appears  in  any  considerable  mass,  either  in  the  form  of  a  bed, 
or  stratum,  or  of  a  vein,  it  is  almost  uniformly  of  a  red  colour, 
while  in  those  in  which  that  substance  is  in  smalt  grains  (and 
is  sometimes  so  small  that  the  rock  appears  homogeneous),  it 
is  most  commonly  white,  or  of  a  greyish-white  colour,  more 
rarely  red. 

The  minerals  of  this  ran^e  may  be  considered  as  being  com- 
prehended in  the  following  list : 

Crystalline  hornblende  may  be  considered  as  being  the  pre- 
vaihng  rock  of  these  hills. 

Red  felspar,  often  enclosing  hornblende,  sometimes  mica, 
epidote,  or  calcareous  spar ;  occasionally  interstratified,  and  iii 
veins, 

An  earthy  substance,  sometimes  resembling  lithomaige,  bat 
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WWfih  appeare  to  be  hornblende  in  k  petuliar  State,  probably  ifl 
ifiift  of  aeubmposition. 

Mica  in  veine  and  beds,  enclosed  in  felspar,  &c, 

Td/c,  enclosed  in  felspar,  &c. 

jEpidote,  both  compact  and  crystallized  in  veins,  and  ocoa* 
Mbtially  forming  an  integrant  part  of  the  rock. 
'   Quartz,  in  veins,  and  imbedded  in  felspar. 

Heavy  spar,  in  veins,  &c. 

Magnetic  iron  ore. 

The  rocks  of  this  range  are  for  the  moat  part,  where  they  can 
tte'seen  above  the  surrace,  "confusedly  heaped  together;"  so  " 
fllEit,  except  in  two  places,  which  will  presently  be  noticed  motb 
|fdnicularly,  no  decisive  appearances  of  stratification  are  to  be 
Observed,  unless  indeed  we  may  be  allowed  to  infer  the  exist- 
ftttte  of  stratification  wheresoever  the  hornblende  rock  assumei 
fe'slaty  structure,  indicating  the  direction  of  the  dip;  if  this 
if^rence  be  allowable,  it  may  be  assumed  that  stratification  is 
tttCrre  common  to  these  rocks  than  it  appears  at  first  sight. 

The  nearest  place  to  Great  Malvern  at  which  a  strong  teo- 
dency  to  regular  stratification  appears,  is  about  three  mueB  otk 
ihfe  Bouth  of  it,  and  about  100  yards  beyond  the  atone  which  ia 
inscribed  "  Ledbury,  four  miles."  The  beds  here  consist  chiefly 
of  red  felspar,  from  an  inch  or  less  to  a  foot  in  thickness, 
itielosing  quartz  and  hornblende,  rarely  mica :  the  interstratifiad 
tbbstances  are,  hornblende,  occasionally  mixed  with  talc,  and 
SCftnetimes  including  a  thin  layer  of  red  felspar  and  quartz,  or  of 
sranularfelspftrwithhorablendeereatlyresemUiugmioa,  of  which 
me  «laty  structure  is  parallel  with  the  beds  of  felspar :  here  and 
ik^te  are  layers  of  granular  quartz,  mica,  felspar,  and  hornblende, 
the  plates  of  the  mica  being  parallel  with  the  general  dip  of  the 
beds  ;  hornblende,  sometimes  of  a  slaty  atructure,  occasionally 
dtrcurs  in  the  same  direction,  but  it  now  and  then  appears  to 
[titea  into  an  eart^  substance  having  somewhat  the  appearance 
of  lithomarge.  Inese  beds  vary  from  half  an  inch  to  a  foot  ia 
6iicknes8,  and  though  not  stratified  with  perfect  regularity,  are 
fhrible  for  nearly  100  feet  in  length,  and  12  or  14  feet  in  height, 
strove  which  the  hill  ia  covered  with  verdure.  Many  of  the 
heda  may  be  traced  for  several  feet.  These  beds  dip  at  an  angle  of 
^out  20  decrees  to  the  north-east. 

In  this  place,  these  beds  are  traversed  by  a  dyke  of  green- 
stone, about  two  feet  wide,  except  that  it  narrows  a  little  aboof 
W  inches  above  the  road,  and  dipping  nearly  north,  at  an  ai^le 
of  about  70°  with  the  horizon.  The  top  of  this  dyke  protrudes 
above  the  beds  it  traverses,  as  is  represented  in  the  following 
^etch,  but  it  was  not  to  be  percwved  that  these  beds  were  u 
aB  disarranged  by  it,  the  portions  of  them  next  to  it  not  beinff 
tnMed  either  upwards  or  aowowards;  nor  did  they  seem  to  have 


suffered  any  alteration  of  texture  or  appearance  where  the  con- 
fiict  Was  complete,    The  greenstone  of^the  dyke  iaso  wmarfc- 
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aldly  fine-grained  as  to  require  Uie  assistance  of  a  glass  lo 
discover  tnat  it  is  a  granular  rock,  and  it  lies  in  narrow  kvjrers 
Kiantng  nearly  parallel  with  the  sides  of  the  dyke,  but  which  are  - 
trarersed  by  crerices  not  quite  at  right  aisles,  so  aa  to  divider 
tBe  layers  into  quadrangular  masses,  which,  though  hard,  uru 
80  small  and  brittle  as  scarcely  to  afford  a  surface  of  a  squaro  ' 
inch  from  a  blow  by  the  hammer.  This  appeared  to  be  the  only ; 
instance  of  a  true  dyke  or  vein  among  the  rocks  of  the  range. 


Pursuing  the  road  from  Great  Malvern  towards  Ledbury,  this 
rocks  on  its  side  continue  to  present  some,  though  less  decided 
marks  of  stratificatiion,  until  the  road  turns  nearly  due  west;  and' 
Just  before  it  has  attained  the  summit  of  the  rise,  a  quarr^ 
appears  on  the  top  of  the  hill  on  the  right,  perhaps  100  feet 
above  the  road.  This  quarry  is  open  to  the  south,  and  here 
stratification  is  obvious  from  below.  On  aeoending  it,  th* 
appearance  is  confirmed;  stratificatiou  appeats  with  neariy 
the  same  dip,  but  with  much  greater  regularity  than  is  appareiAr 
in  the  beds  near  the  four-mile  stone.  The  quarry  is  opened  tof 
upwards  of  100  feet  in  length,  and  40  feet  in  height ;  and  severttl 
beds  of  the  red  felspar,  which  is  the  prevaihng  substance,  may 
be  traced  very  little  short  of  the  whole  lengln,  many  of  theift' 
upwards  of  40  feet,  dependent  on  the  fall  on  the  sides  of  the  hilK 
loe  beds  of  felspar  are  thinnest  near  the  summit;  and  the  intef'^' 
stratified  substances  resemble  those  of  the  preceding  installed,' 
with  some  exceptions.  Some  of  the  upper  beds  present  inter- 
stratifications  of  felspar,  hornblende,  and  mica  (?)  and  enclose 
spiall  masses  of  attractive  iron ;  others  of  slaty  hornblende 
mingled  with  quartz ;  others  again  of  felspar  and  hornblende. 
Qae  stratum,  above  three  inches  in  thickness,  consisting  wholly ' 
of  daty  hornblende  greatly  resembling  mica,  may  be  traced 
for  about  40  feet  in  length  along  nearly  the  middle  of  the 
quarry. 

Id  the  front  of  the  quarry,  and  so  detached  as  to  allow  tt 
p^sage  behind  them,  whence  the  rock  had  been  taken  away,' 
stood  two  enormous  blocks,  each  not  less  than  20  feet'  ill 
haght,  and  10  feet  in  other  directions,  of  slaty  hornblende,  of' 
which  the  schistose  structure  was  parallel  with  the  dip  of  thd 
regular  beds,  which  the  summits  of  these  blocks  still  supported* 
The  upper  parts  of  these  masses,  where  their  structure  was  most 
regular,  contained  thin  layers  of  red  felspar  6Acloaing  quartz; 
these  layers  nearer  the  centre  were  less  regular,  i  and  j^ar  the 
b2  '      '^■' 
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bottom  were  quite  irregular:  the  hornblende  here  assamed  a., 
l^ore  crystalline  structure ;  and  here,  if  not  in  most  other  places,, 
the  red  felspar  is  not  crystalline,  but  either  compact,  or 
granular. 

In  several  places  on  the  eastern  side  of  the  range,,  and  parti- 
colarly  within  a  mile  south  of  Great  Malvern,  many  of  the  rocks 
in  which  Itornhlende  greatly  prevails,  have  that  schistose  struc- 
taire  which  has  been  mentioned  as  beiog  parallel  with  the  beds- 
above  described  :  here,  however,  if  this  structure  is  to  be  consi- 
,  dered  as  indicative  of  the  direction  of  the  strata,  they  will,  for 
the  most  part,  be  nearly  perpendicular  to  the  horizon,  but  mosHy 
with  a  slight  inclination  towards  the  north.  In  no  other  place 
do  marks  so  indicative  of  stratification  appear. 

The  Wych  affords  an  excellent  opportunity  of  viewing  the 
rocks  of  tnat  part  of  the  range :  it  eiihibita  a  complete  jumble  of 
most  of  the  rocks  discovered  in  it,  not  without  some  appear- 
ances of  stratification,  which  by  diie  examination  prove  to  be 
fallacious. 

"  Granite,  rarely  presenting  the  same  appearance  as  that  ot 
Alpine  countries, — not  decidedly  crystalline,— in  which  sometimes 
the  quartz,  sometimes  the  mica,  is  wanting,"  has  been  described 
asbeing^theprevaihng  rock  at  the  Wych,  as  constituting  a  great 
part  of  End  Hill,  and  the  upper  part  of  North  Hill,  and  Swiniut 
Hill ;  but  it  is  eJso  acknowledged  that  "  the  mere  term  granite 
would  convey  to  most  mineralogists  an  erroneous  idea  of  the 
nature  of  these  rocks."  An  anxious  search  among  these  rocks 
every  where  for  more  than  three  parts  of  the  way  along  thent- 
southwards  from  their  termination  on  the  north,  did  not  satisfy 
ihe  that  even  a  sindehand-specimen  of  well-characterized  granite- 
cpuld  be  fo.nnd.  Granite  is  commonly  understood  to  be  a  rock, 
in'  which  :its  ingredients,  quartz,  felspar,  and  mica,  are  all 
decidedly  crystalline,  without  the  appearance  of  one  of  them  as 
an  imbedding  substance.  In  the  "  granite  "  of  this  range,  the 
felspar  is  invariably  an  imbedding  substance,  and  compared  with- 
bomblende,  is  rarely  the  imbedded  substance ;  it  maybe  said  rarely 
to  contain  either  quartz  or  mica,  although  each  is  sometimes- 
vrell  defined,  but  never,  as  far  as  my  observation  goes,  is  unac- 
companied by  hornblende.  Hornblende  is  moreover  the  prevail- 
ing rock  of  the  range.  In  the  quarry  on  the  side  of  the  road  to 
Ledbury,  homblende  rock  supports  the  stratified  "  granite;"" 
and  in  Castle  Morton  quarry,  on  the  eastern  side  of  me  range, 
large  blocks  of  red  felspar  enclosing  quartz  arid  calcareous  spar, 
are  imbedded  in  homblende  rock.  These  masses  sometimes 
appeared  like  short  thick  veins  crossing  each  other  in  various 
directions,  of  which  the  terminations  were  mostly  visible.  It 
appears,  therefore,  impossible  to  consider  this  red  felspar  as  a 
granite,  and  probable  that  Uie  only  reason  why  many,  if  not  moat 
of  the  projecting  rocks  of  the  range  exhibit  a  considerable  pro- 
pifirtibn  of  this  "  granite,"  is,  that  the  homblende  by  whicn  it 


1821.3  the  Geology  of  the  MahemHiUt.  21 

was  beretofore  flanked,  and  perhaps  covered,  has  been  decoia> 
posed  and  converted  into  Uis  red  earth,  eve^  where  visiUe 
beneath  the  verdure,  and  often  to  a  considerable  depth ;  and  it 
.  is  to  this  decomposition  that  we  are  to  attribute  not  only  the 
generally  smooth  surface  of  these  hills,  but  also  the  existence  of 
numerous  masses  of  greenstone,  sienite,  and  red  felspar,  in  the 
valleys,  on  the  sides  of  the  hills,  and  which  still  remain  in 
^eat  quantity  imbedded  ia  the  reddish  earth :  all  these  por- 
^ons  of  rocks  are  still  angular,  without  exhibiting  any  eppeaiw 
aoce  of  having  suffered  by  attrition. 

The  alleged  origin  of  this  loose  reddish  earth  seemed  the  mon 
jtlausible  from  finding  that  the  hornblende  rocks,  which  were  in 
a  state  of  decomposition,  yielded  an  earth  of  the  same  colour  and 
appearance  beneath  the  hammer.  Near  the  sununer- house  on 
the  top  of  the  ridge,  west  of  Little  Malvern,  it  contains  portions 
of  a  rock  which  have  greatly  the  appearuuce  of  mica  slate,  and 
jUso  masses  of  white  quartz ;  while  on  the  western  side,  near  the 
foot,  columnar  masses  of  sandstone  mostly  quandrangolar,  and 
sometimes  a  foot  in  length,  and  containing  internal  ochreous 
spots,  are  found  in  loose  earth  beneath  the  verdure. 

The  foregoing  facts,  together  with  an  examination  of  Hie  pro- 
jecting rocks  of  the  range,  of  the  varieties  of  which  some 
account  is  annexed,  appear  sufficient  to  induce  the  conclusion^ 
that  all  are  to  be  considered  as  sienitic,  or  belonging  to  the  trap 
ibrmation,  but  of  a  peculiar  character. 

Annexed  is  a  sketch  of  a  mass 
of  highly  crystalline  hornblende, 
about  four  feet  long,  and  three  feet 
in  other  directions,  which  I  ob- 
,seTved  lying  in  the  valley  between 
North  HiU  and  End  HUl.  The 
"veins  "  were  of  red  felspar,  enclos- 
ing hornblende.  This  sketch  will  serve  as  a  fair  specimen  of 
Ihe  general  directions  of  the  "  granite  veins"  of  this  range. 

In  other  masses,  the  veins  were  of  epidote. 

Rocks  of  the  Malvern  Hills,  and  their  principal  Localities. 
Hornblende  is  the  prevailing  substance  of  the  rock  at  Castle 
Morton  quany  on  the  eastern  side  of  Swrnnit  Hill.  It  U 
highly  crystalline  at  that  quarry,  and  sometimes  contains 
rouuaish  masses  of  calcareous  spar,  in  other  places  specks 
of  red  felspar.  It  is  sometimes  traversed  by  red  felspu  in 
every  possible  direction,  in  veins  which  cannot  be  considered 
other  than  contemporaneous,  from  the  16th  of  an  inch  to  a 
foot  in  thickness,  and  rarely  of  any  ooiisiderable  length,  and 
often  terminating  abruptly.  Thin  veins  of  calcareous  spar 
traverse  the  red  felspar  in  various  dir^ctioris,  striated  con- 
trary to  the  run  of  the  vein  ;  it  often.contains  hornblende^ 
rar^y  mica.     It  is  also  the  prevailing  rock  of  the  quarry  at 
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the  northern  pint  of  the  range.     Iloiiiibleode  rock  passes 
into  a 

■^■Substance  of  a  i:-ii/; -^icen  colour,  imperfectly  slaty  texture, 
aodeartliy  fractute,  and  of  smooth  surface,  abounding  at  the 
Wych/'and  having  the  appearance  of  forming  a  bed  there: 
it  18  interstratified  with  beds  of  red  felspar,  a  Tittle  south  of 
the  four  mile-stone  between  Great  Malvern  and  Ledhuiy. 
That  hornblende  passes  into  this  Bubstance  will  become 
manifest  by  the  use  of  the  hammer  at  the  Wych. 

Greemtime  and  sieiiiilc  rocks,  both  lai^e  and  small  grained, 
abound  on  the  sides  of  End  Hill  and  North  Hill,  and  occur  . 
on  their  aimunits.  Very  tine  grained  greenstone  occurs. in 
a  columnar  form,  breaking  readily  parallel  to  two  of  its 
planes,  and  sometimes  in  the  form  of  an  obtuse  rhomboid, 
as  near  the  summit  of  the  Worcestershire  Beacon,  and  on 
End  Hill.  A  hard  and  somewhat  schistose  rock  of  horn- 
blende and  felspar  in  minute  grains  occurs  in  situ  on  the 
western  side  of  tiie  range,  south  of  the  Worcestershire 
Beacon  i  on  the  eastern  side,  a  little  south  of  Great  Mal- 
vern, are  rocks  of  crystalline  hornblende,  enclosing  specks 
of  red  felspar  and  quartz,  the  mass  being  traversed  by  veins 
of  epidote.  Slaty  norublende  enclosing  specks  and  larger 
portions  of  felspar  occurs  at  the  Wych. 

Jiornblende,  reddish  felspar,  and  quartz,  "  iu  small  grains, 
constitute  some  of  the  rocks  of  End  Hill  and  the  summit  of 
North  Hill,  and  form  a  prevailing  rock  of  these  hills.  It 
sometimes  contains  magnetic  pyrites,  veins  of  epidote,  and 
sulphate  of  barytes." 

Hornblende,  felspar,  quartz,  and  a  little  mica,  "  constitute  the 
rocks  on  the  west  side  of  End  Hill ;  and  on  the  side  of  the 
road  leading  up  to  the  Wych,", hornblende  prevails  in  iJiB 
latter,  and  the  rock  is  schistose. 

Hornblende,  with  a  few  spangles  of  mica,  and  a  little  felspar^ 
"  on  the  ridge  connecting  North  Hill  and  End  Hill. ' 

HoTtibletide  and  mica  "are  the  constituents  of  rocks  cm  die 
top  of  the  hill  between  the  Worcestershire  Beacon  and  the 
Wych." 

Hornblende  and  mica,  "  in  a  state  of  decomposition,  mixed  with 
red  felspar :  rocks  of  these  constituents,  and  of  a  shrty 
structure,  occur  on  the  north-east  side  of  the  Worcester- 
shire Beacon,  and  on  the  road  leading  from  Great  Malvern 
to  St.  Anne's  Well." 

Hvrnhlende  and  epidote,  "  with  specks  of  mica,  and  contain- 
ing veins  of  epidote,  constitute  rocks  on  the  north  side  of 
End  Hill."  Kooks  of  highly  ciystaHine  hornblende  eAcloB- 
iog  specks  of  red  felspar  and  epidote  (sometimes  without 
the  latter),  are  foand  in  various  places  near  the  northern 
tsnnination  of  the  range. 

tOompact  felspar,    "of  a  ^a  Acah   colour,  is   the  prevailing 

Biriieob,  Google 


M>,  Google 


Upck  oa  the  side  of  the  road  as  it  rises  along  the  side  of  the 
ralley  above  Little  MalyflCB,  Md  mn^.ictadt  Ike  wMheni 
face  of  tiieHiw^Qidahirfl.B»fto«n.'"  I 

Fekpar  and  qtisnt^  ^"  with'S  Ijt^  moM  twd  tyifi^e,' are  de- 
ncpibftd  m  ^samgf^^  a^mfom^  tbexDoks  ^fiitlie.  western 

i^de  (tf  the  rwg?." ' 

,  Comf^ct  fykpar,  hpmblfnde,  qwrtx,  .and.  »teatiit,  "  of  jib  earthy 
texture,  i«»)>wJ14ttig  d^tttcbed  ciTat^ls  of  CelapKr,  form  a 
^ck.  pp  theftwttli  aide  pf  Heaiy..aii^  JiUl;" 

mica,  "  in  the  form  ofa  w«iD,  occurs 
leading  up  to  tte  Wjwh." 
i  ,hy  .^  feiT«ffli»o*w  ;olayi  aa  far  as 
tme.woHld  awnitc^dwijsiiHt,  farmed 
;d  oq^titke  8Qit&  Qod  of  the  range, 
V  the,  ,cman;ier8-'  "Tlip  tock  ia  of  aa 
I  is  Qccasxonally.  trayersed  by  vewf 

ted,  Qt  a  darl(-:browa  cJ3l19ui,  ^j^ 
teatite^  aud  calcareous  spar,  'i^B^ted 
h&pBj  aH<^  containing  sooie  miQute 

ellow  ^ubst^ce,  io  diverong  fibi^> 
igolite.  This  rock,  Vbjpn  pcciirsj^ 
nth    of. the    Etpsforiiakire    Peacft% 

masses  aod  ciystaU  of  .quartiand 
rnblende  united  by  au  argillaceoiv 
id  lately  made  on  the  side  of  Nortb 


Article  HI. 

rim  Atxount  of  aremaritahle  Stratum  bf  Limestone,  situated  eg 
'    Cdldef  Sidk.'    {With  a  Plate.) 

'H'UB  stratum  of  which,  in  the^  following  pages  I  have  endea^ 
▼oured  to  give  some  account,  is  sitoated  in  the  farm  of  Caldor 
ttde,  in  the  parish  of  Kilbride,  about  lU  miles  to  the  south  of 
431aBgow ;  and  occurs  .in  the  position  noted  in  the  following 


.StIWBiRotu -shale. . 
■:  iBwH^d  JroPBtoBP,  md  .reddisttTb)»ck..lHi;uau- 

,-.-^flf*s«fciBtu»  .,...-.. ^..1.,..     9      0  . 

•iP^Bfcrated^trafcim,  t^  ht  deB<*a>€id 1     0 

-Sfffly,lbi«  rtfftbwi  ^  r«>l<ii^-*la'jk«h*8tjiB.. 

lK>I)8l9D«.     ..'....;.,.. ...^ .«      0        .3^ 
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Si  On  a  remarkable  Stratum  of  JAmntone,  (Jak. 

FmL    IhAm. 

Intercepted  stratum  of  quartz. 

Marly  8chi8tu8,iBteniiediate  in  colour  between 
greeniBh-grey  and  yellowish-grey,  aod  con- 
taining the  charred  remains  of  vegetables.     0     10 

Coal 0      H 

Bituminous  sh^le 0       2 

BituminouB  shale,  differing  from  the  preceding 
in  being  filled  with  nodules  of  ironstone  ..11       1 

Limestone. 

SchistuB  containing  petrified  entrochi,  but  do 

ironstone  nodulea 4^    0 

Lime  of  considerable  thickness,  and  wrought 
for  the  purposes  of  sale. 
These  strata  are  laid  open  to  view  on  the  side  of  a  steep  bank 
overhanging  the  stream  of  the  Calder,  on  Mr.  Young's  proper^ 
of  Calder  Side  ;  and  a  short  distance  further  up  the  stream  thaa 
Calder  Wood,  the  seat  of  Sir  W.  Maxwell. 

llie  stratum  o( perforated  limestone  is  the  phenomenon  which 
here  attracts  the  notice  of  the  naturalist.  A  representation  of 
its  appearance,  as  seen  at  Calder  Side,  is  attempted  in  the 
aketch  of  the  section  of  the  strata  (PI.  1.)  mentioned  in  the 
table,  and  I  shall  request  your  indulgence  in  my  endeavours 
now  to  describe  it  at  somewhat  greaterlength. 

To  account  in  a  satisfactory  manner  for  the  formation  of  an^ 
stratum,  or  to  explain  the  causes  which  have  produced  the  most 
common  geological  appearances,  are,  perhaps,  equally  beyond 
the  power  of  human  talent,  as  to  account  for  the  formation  of 
the  perforated  stratum  of  Calder  Side.  For  these  reasons  I 
shall  endeavour  to  confine  myself  to  a  mere  description  of  the 
appearance  of  this  stratum,  uid  avoid  any  speculations  as  to  its 
origin.  It  must  be  owned  at  the  same  time  that  while  the 
'Common  occurrence  of  many  wonderful  and  inexplicable  geolo- 
gical phenomena  divest  them  in  our  eyes  of  the  remarkable 
features  which  they  in  reality  possess,  that  the  imagination  is 
^raost  iri'esistibly  set  at  worK,  when  so  singular  an  appearance 
presents  itself,  as  the  one  now  under  cousideration. 

This  stratum  probably  consists  of  millions  of  blocks  reseta- 
bling  those  figured  at  fig.  2,  for  a  great  part  of  it  is  still  covered 
by  the  superincumbent  strata  of  schistus.  Sic.  When  observed 
in  their  natural  position,  these  blocks  are  placed  on  end,  their 
upper  and  lower  ends  forming  the  upper  and  under  superficies  of 
the  stratum,  which  is  here  nearly  in  a  horizontal  position,  and 
when  first  exposed  by  the  removalof  the  superincumbent  strata  haa ' 
the  appearance  of  a  pavement  similar  to  some  parts  of  the  Giant's  ' 
Causeway,  from  the  ends  of  the  blocks  being  so  exactly  fitted, 
and  dovetailed  into  each  other.  This  pavement  is,  however, 
hollow,  and  a  labyrinth  of  concealed  apartments  exists  in  its 
interior^  for  the  blocks  which  at  their  extreinities,ai«  i^^i^e^  fitted 
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into  each  other  are  worn  away,  as  it  wer^,  at  their  centres  into 
the  form  represented  at  fig.  2,  and  fig.  1,  section  of  the  perforated 
atratum. 

Tlie  hollow  parts  of  the  stratum  are  filled  with  a  fine  eartb, 
which  has  much  resemblance  to  Armenian  bole,  and  is  coloured 
with  iron,  being  stained  and  streaked,  of  various  tints  of  red, 
oracge,  and  yelTow.  This  fine  earth  is  constantly  moist,  and  as 
soon  as  it  is  exposed  to  the  air,  it  becomes  covered  with  a  luxo- 
nant  coating  of  vegetation,  consisdng  of  a  minute  species  of 
conferva,  whose  thm  roots,  resembling  the  fibres  of  a  spider's 
w«b,  penetrate  it  in  all  directions.  Such  an  appearance  would 
have  afTorded  matter  of  speculation  to  Duhamel  and  Henkel,  and 
might  have  assisted  these  philosophers  in  their  researches  rela- 
tive to  what  has  been  termed  the  equivocal  generation  of  plants.* 

■  Have  the  diminutive  seeds  of  these  confervEe  remained  concealed 
for  ages,  locked  up  in  the  interior  of  a  stratum  of  Umestone,  and 

■  buried  beneath  various  strata  of  schistus  and  ironstone,  and  still 
retained  the  power  of  germinating  as  soon  as  exposed  to  the  air 
of  the  atmosphere? 

"^  The  upper  and  uiidei'  superficies  of  the  perforated  stratum  are 
thickly  covered  with  petrifactions  consisting  of  a  lesser  variety 
of  entrochi,  and  a  quantity  of  shells  of  the  genus  ostrea,  the 
.  substance  of  which  does  not  appear  to  have  been  much  chang^ 
by  the  petrifying  process.  At  the  time  when  these  sheila 
became  imbedded  m  their  present  situation,  the  animal  inhabi- 
ting them  could  not  have  been  alive,  as  the  valves  are  ail  of 
them  found  separate,  and  what  is  remarkable,  those  situated 
both  on  the  upper  and  under  superficies  of  the  stratum  have  the 
'interior  superficies  of  the  valve  almost  invariably  turned  towards 
the  stratum.  In  the  body  of  the  blocks  only  a  few  entrochi, 
and  none  cf  the  bivalve  shells  occur.  A  few  of  the  shells  and 
some  of  the  entrochi  coat  the  surface  of  the  intersticial  vacui- 
-ties.  What  a  strange  variety  of  causes  must  here  have  been 
called  into  action  to  produce  the  effects  to  be  observed  here': 
on  tlie  upper  and  under  superficies  of  the  stratum  we  have  petli- 
factions  resembling  each  other  in  their  nature.  In  what  may  be 
termed  the  body  of  the  stratum,  we  entirely  want  the  more 
recent  and  perfect  of  these  petrifactions ;  viz.  the  bivalve  shells, 
and  have  only  a  few  of  the  entrochi. 

The  same  law  which  seems  first  to  have  acted  in  the  formation 
of  the  perforated  stratum  seems  also  to  have  exerted  its  influence, 
although  only  to  a  very  limited  eslent,  upon  the  superincumbent  ' 
strata  of  schistus  and  ironstone  ;  for  these  strata  seem  to  show  a 
tendency  to  separate  into  somethi^  of  a  crystalline  structure,  as 
it  were  approaching  to  very  imperfect  basaltic  columns  in  the 
direction  of  the  lines  ABC,  fig.  1. 

If  we  could  suppose  Uiat  previous  to  the  blocks  composing" 
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Uie  pecforated  atmtum  having  assumed  their  present  £ann,  4i4y 
had  oeen  detached  into  distinct  crystals  by  some  process  similif 
to  what  basaltic  columns  owe  their  origin  to,  part  of  the  mystecy 
night  beconsidwed  as  unriddled^  for  no  accidental  rocks  could 

'have  separated  the  stratum  into  diese  distinct  blocks;  but  atiiU 
the  blocKs  becoming  each  of  them  thinner  towards  their  ceatie 

"is  to  be  explained.  Could  a  stream  of  water  percolating  through 
the  interstices  have  reduced  them  to  this  shape  ?  I  rather  fe^r 

■  that  the  laws  of  hydraulics  forbid  such  a  supposition.  The 
middle  part  only  of  each  block  is  worn  away ;  both  ends  reinaJfi 

, entire.  Must  we  not,  therefore,  conclude  that  some  extraordi- 
nary operation  depending  on  chemical  laws  has,  at  once  formeid 
each  separate  block  into  its  present  fonn?  but  here  I  must  cajl 
to  recollection  the  inadequacy  of  such  speculations  to  explaip 
the  subject  of  the  present  paper,  andconune  myself  t9  a  relatioia 
of  facts. 

Many  years  ago  I  had  an  <ipportunity  of  viewing  from  a  short 
^stance  an  appearance  which,  if  my  memory  does  not  fail  me, 
bore  a  considerable  resemblance  to  the  penorated  stratum  qf 
Calder  Side.  It  was  what  seemed  to  be  a  range  of  holes  resem- 
bling in  form  the  holes  made  by  the  Sand  Martin  (HiruoflD 
Riparia)  in  banks  of  sand,  in  which  these  birds  construct  their 
nests.  The  holes  which  I  allude  to  were  situated  in  the  front 
of  a  steep  rock  overhanging  the  river  Sotha,  near  the  celebrated 
falls  of  Trollhatta.  It  was  in  passing  down  the  river  in  the  dusk 
of  the  evening  that  I  saw  them,  so  that  I  could  not  observe 
whether  the  rock  was  stratified  or  not ;  and  indeed  I  should 
probably  not  at  all  have  remarked  them  had  not  the  boatman 
who  conveyed  me  down  the  river  pointed  them  out  to  me, 
remarking  at  the  same  time  that  they  wwe  the  residence  of 

.,spirit8 ;  and  that  during  the  fine  nights  in  autumn,  a  bright 
hght  was  seen  to  issue  from  them.  Most  probably  ovi  ances- 
tors would  at  once  have  referred  the  perforated  stratum  of  Calder 

.  Side  to  the  times  when  various  places  in  Scotland  were  peopled 
by  the  fairies  of  popular  superstition,  and  dated  its  origin  at  tl^ 
hands  of  supernatural  beings,  and  explained  its  uses  ^s  foimipg 
the. abode  of  the  spirits  of  the  wood,  or  of  the  flood. 
Fig.  1,  is  a  section  of  the  strata  at  Calder  Side. 
Fig.  2,  two  of  the  blocks  composing  the  perforated  stratum 
of  limestone,  taken  from  their  place,  and  seen  in  perspective  as 
placed  upon  a  wall  near  the  spot.  These  blocks  consist  of  wh^t 
mav  be  termed  an  argillaceous  limestone  of  a  bluish  grey  colour, 
ana  of  a  very  slaty  texture.  It  appears  to  contain  much 
.bitumen. 
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Artici,e  IV. 

Ontke  Action  of  Chlorides  and  Water- 
By   Richard  Phillips,    FRSE.   FLS.  &c. 

Different  opinions  appear  to  be  entertaiaed  by  chemists  of 
tile  greatest  eminence  and  experience  as  to  the  changes  effected 
on  tuose  chlorides  that  are  soluble  in  water  by  solution  in  it. 
On  this  account  I  propose  to  state  such  opinions  as  I  have 
found  detailed  on  the  subject,  and  I  shall  endeaTour  to  collect 
t&c  evidence  which  has  been  adduced  in  support  of  the  diSereat 
views  entertained. 

The  question  to  be  solved  may  be  thus  stated :  When  a  chlo- 
ride is  dissolved  in  water,  does  it  remain  a  chloride,  or  is  it  by 
decomposing  water  converted  into  a  muriate  1  It  is  further  to  b? 
considered,  whether  tlie  same  explanation  will  apply  to  all  th? 
aqueous  solutions  of  chlorides. 

With  respect  to  the  non-metallic  chlorides,  it  is  to  be  observei} 
that  one  of  them,  viz.  chloride  of  azote,  is  insoluble  in  watef^ 
and  consequently  no  change  is  effected  in  the  properties  of  either 
compound.  The  chlorides  of  phosphorus  and  of  sulphur  on  the 
other  hand  act  with  great  energy  on  water,  and  offer  incosr 
trovertible  evidence  that  water  in  these  cases  suffers  decompor 
sition,  for  the  products  are  such  as  do  not  combine  with  eacll 
other,  but  exist  in  a  state  of  mixture  in  the  water,  each  possess^ 
its  peculiar  properties.  Thus  when  chloride  of  phosphorus  aod 
-water  undergo  mutual  action,  the  oxygen  of  the  water  form^ 
phosphorous  acid  with  the  phosphorus,  and  the  hydrogen  unites 
with  the  chlorine  to  form  muriatic  acid.  The  percnloride  of 
phosphorus  effecting  similar  decomposition  yields  phosphoric 
and  muriatic  acids ;  and  when  chloride  of  sulphur  and  water 
ondei^o  mutual  decomposition,  there  are  produced  sulphm^us, 
sulphuric,  and  muriatic  acids. 

Sir  H.  Davy  (Phil.  Trans.  1810)  observes,  that  "when  water 
is  added  in  certain  quantities  to  Libavius's  liquor,  a  solid  crystal- 
line mass  is  obtained,  from  which  oxide  of  tin  and  muriate  of 
ammonia  can  be  obtained  by  ammonia.  In  this  case,  the  ozV' 
gen  may  be  conceived  to  be  supplied.to  the  tin,  hydrogen  to  the 
oxymuriatic  acid."  In  the  Phu.  Trans,  for  1810,  he  states  more 
difitinctly  that  libavius's  liquor  is  "  converted  into  a  muriate 
by  water." 

■  lu  his  Elements  of  Chemical  Philosophy,  Sir  H.  Davy  ha* 
been,  in  many  instances,  quite  explicit  on  this  point ;  and  his 
opinions  are  favourable  to  the  idea  that^  chlorides  become 
muri^^e  by  being  dissolved  in  water.  Thus  he  states  that  the 
percbloride  of  iron  "  acts  with  violence  upon  water,  and  focDM 
a  solution  of  red  muriate  of  iron ; "  ajid  he  observes  that  the 
protomuriate  "  forms  a  solution  of  green  muriate  of  iron  by  it* 
action  upon  water."  ,  ,,     .     . 
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In  Dr.  Tbomson's  System  of  Chemistty,  I  do  not  meet  with 
any  detailed  opinion  on  the  subject.  He  states,  however,  that 
*'  cfaloriiJe  of  antimony  is  decomposed  when  mixed  with  water, 
white  oxide  of  antimony,  and  muriatic  acid,  being  formed."— 
(Vol.  i.  p.  584.)  In  treating  of  the  muriates  generally,  he  refers 
ihem  to  the  chlorides,  and  of  muriate  of  barytes  he  says,  "  this 
salt  likewise  will  be  fouad  under  the  name  of  chloride  of 
barium ; "  and  he  states  that  the  "  crystals  of  chloride  graduaUy 
tieposit."  From  this  it  would  appear  tliat  the  cryatalline  salt 
usually  termed  muriate  of  barytes  is  cpnsidered  by  Dr.  Thomsoa 
to  be  a  chloride  ;  and  in  the  Annals  for  November  last  he  consi- 
ders chloride  of  barium  as  converted  into  muriate  of  barytea  by- 
solution  in  water. 

Mr.  firaade  in  his  Manual  (p.  174),  describing  the  properties 
of  metallic  chlorides,  observes,  that  "  some  are  soluble,  others 
insoluble,  in  water.  Several  of  them  decompose  water,  giving 
rise  to  the  formation  of  muriatic  acid  and  an  oxide ;  or  in  some 
cases  to  a  muriate."  Mr,  Brande  has  not,  1  think,  pointed  out 
instances  of  the  production  of  these  different  effects,  but  from 
liis  stating  that  chloride  of  potassium  dissolves  without  decom- 
position in  water,  it  would  appear  that  he  considers  it  to  remain 
a  chloride  in  solution.  Mr.  Brande,  however,  states  distinctly 
thai  "  when  chloride  of  manganese  is  dissolved  in  water,  it 
produces  muriate  of  manganese."  The  chloride  and  perchloride 
of  iron  produce  also  he  admits  muriate  and  permuriate  of  iron 
when  acted  upon  by  water,  and  he  allows  similar  decompositioa 
of  water,  and  the  consecjuent  formation  of  oxide  and  muriatic 
acid,  to  the  chlorides  of  zmc,  tin,  copper,  and  antimony. 

M.  Thenard  in  the  first  edition  of  his  Traite  de  Chimie(l816) 
states,  without  any  reserve,  that  "  all  chlomrets,  when  dissolv- 
jng  in  water,  decompose  it,  and  become  hydrochlorates  :  they 
thus  effect  the  decomposition  of  water  in  the  same  way  as  the 
iodurets,  and  the  two  principles  of  the  water,  the  oxygen  and  the 
hydrt^en,  unite ;  the  first  with  the  metal,  and  the  second  with 
the  chlorine."  In  the  second  edition  of  this  work  (1817), 
t/l,  Thenard  maintains  the  same  opinion ;  he  states,  however, 
several  of  the  difficulties  which  attend  both  opinions. 

M.  Gay-Lussac,  on  the  other  hand,  in  his  memoir  on  iodine 
{Annalt,  vol.  v,  p.  125),  observes,  "  We  ought  then  to  admit  it 
as  a  certain  fact,  that  the  muriates  are  all  changed  into  chlom- 
rets, when  melted,  or  even  when  dried,  and  some  of  them  even 
by  being  crystallized.  We  may  suppose,  as  we  have  done  for 
Xae  iodurets,  that  the  chlorurets  dissolve  in  water  withoat 
-undei^oing  decomposition,  and  that  when  we  unite  hydrochloric 
acid  with  an  oxide,  the  hydrogen  of  the  acid,  and  the  oxygen  of 
the  oxide  form  water.  Whether  this  be  the  case  or  not,  nothing 
but  chlorurets  exist  at  a  red  heat."  In  subsequent  parts  of  the 
same  memoir,  M.  Gay-Lussac  says,  "  I  believe  that  according 
to  the  nature  of  the  substance  with  which  the  chlorine  is  com- 
bined, the  chlorurets  may  dissolve  in  water  without  undei^oJng 
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decODWOsition,  or  being  changed  into  Lydrochlorates  during 
that  s<uution."  He  furttier  Btates,  "  I  admit  as  &  principle  that, 
we  ought  to  hare  a  chloruret  or  a  hydrochlorate  in  solution,; 
according  to  the  forces  which  act  in  order  to  decompose  water 
are  greater  or  less  than  those  which  keep  its  elements  united,"  , 
In  attempting  to  elucidate  this  as  well  es  every  other  subject, 
it  will  be  better  to  begin  with  those  cases  which  are  too  obvioui; 
to  admit  of  question,  and  proceed  to  those  which  are  mon 
obscure.  There  are  some  cases  of  the  action  of  water  upon 
chlorides  which  prove,  1  think,  tocontestably  the  decomposition 
of  the  water,  and  the  union  of  its  oxygen  with  the  metal,  and 
its  hydrogen  with  the  chlorine — I  mean  the  effects  observed' 
when  the  chloride  of  bismuth  and  of  antimony  are  acted  upon. 
It  is  quite  evident  that  oxides  of  these  metals  are  precipitated,, 
and  that  muriatic  acid  remains  in  solution.  It  will  be  unqueft-  , 
tionably  admitted,  whether  we  dissolve  a  metallic  oxide  in, 
muriatic  acid,  or  take  the  dry  compound  which  remains  after 
evaporating  such  solution,  and  exposing  it  to  a  red  heat,  and 
dissolve  it  in  water,  that  the  solutions  obtained  are  in  all  respect* 
^milar.  Thus  when  we  dissolve  peroxide  of  iron  in  muriatiC; 
acid,  we  obtain  a  red  coloured  solution;  and  a  similar  efiect  ia 
produced,  if  we  dissolve  the  perchloride  of  iron  in  wat«r.; 
Both  solutions  it  will  be  admitted  contain  either  chlorides  or 
muriates. 

.When  iron  is  put  into  dilute  muriatic  acid,  it  is  well  known, 
that  hydrogen  gas  is  evolved,  and  the  iron  dissolved.  Now  if  we 
conceive  this  solution  to  contain  chloride  of  iron,  we  must  sup- 
pose that  the  hydrogen  evolved  is  derived  from  the  decomposi- 
tion of  the  muriatic  acid,  and  not  of  the  water ;  and  as  we  obtaia 
a  similar  solution  by  dissolving  protoxide  of  iron  in  muriatic 
acid,  we  must  suppose  that  the  oxjrgen  of  the  oxide  unites  with^. 
the  hydrogen  of  the  miiriatc  acid,  that  water  is  formed,  and 
chloride  of  iroii  remains  in  solution.  I  say  we  must  admit  the 
evolution  of  hydrogen  from  the  decomposition  of  the  muriatic 
acid  in  the  first  case,  or  we  must  make  the  improbable  suppo- 
sition that  iron,  while  dissolving,  decomposes  water  to.  receive 
oxygen  from  hydrogen,  and  mat  immediately  afterwards  it 
yields  the  oxygen  to  the  hydrogen  of  the  muriatic  acid,  and  thus 
produces  chloride  of  iron. 

From  these  considerations,  I  think  it  will  involve  fewer  diffi- 
culties to  consider  this  solution  as  containing  a  muriate  rather 
than  a  chloride^  We  have  in  this  case  only  to  admit,  as  iS: 
indeed  generally  allowed,  that  the  hydrogen  is  evolved  from  the 
deeotnposition  of  the  water,  and  not  of  me  acid ;  and  when  the. 
oxide  of  iron  is  dissolved  in  liquid  muriatic  acid,  we  must  con- 
sider that  the  oxygen  of  the  oxide  and  the  hydrogen  of  the  acid 
do  not  &rm  water,  but  remain  combined,  the  first  with  the  iron,. 
Aid  the  ]iydrog'£n  with  the  chldriiie. 
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Tbere  ure  other  consideratione  wbich  tend  to  strengthen  thtt ' 
opinion  that  the  chlorides  of  iron  become  mariates  by  decompos- 
iue  and  dissolving  in  water.  If  to  these  solutions  we  add  an 
^^i  as  potash  or  soda,  oxide  of  iron  is  precipitated.  Now  we 
must  either  admit  that  oxygen  is  transferred  from  the  alkaline' 
oxide  to  the  iron,  which  is  a  possible  case,  that  the  iron  pre-- 
viously  existed  in  the  state  of  oxide,  or  that  by  some  operation 
fflmilar  to  that  which  has  been  called  predisposing  affinity,  the 
decomposition  of  water  is  effected  at  the  moment  of  the  preseo- 
tlition  of  potash  to  chloride  of  iron. 

As  ammonia  contains  no  oxygen,  and  as  it  decomposes  sold- 
ti&na  of  iron  as  readily  as  potash,  the  cases  are  reduced  to  two^ 
viz:,  either  that  the  iron  exists  in  the  state  of  oxide,  or  that  it 
becomes  so  by  the  intermediate  action  of  the  ammoi)ia.  It 
appears  to  me  that  the  first  is  the  most  probable  case,  although, 
as  1  shall  presently  notice,  the  latter  is  a  possible  one.  Among 
the  reasons  which  may  be  advanced  for  supposing  the  solution 
to  contain  a  muriate  are  the  facts  aheady  adverted  to  of  the 
decomposition  of  chloride  of  antimony  by  water ;  anotherreasoa 
is  that  that  there  are  some  acids  which  form  insoluble  compounds 
with  the  oxide  of  iron,  such  as  the  phosphoric,  for  example.  If 
then  we  add  a  solution  of  phosphate  of  soda  to  a  solution  of 
laaHate  or  cMoride  of  iron,  phosphate  of  iron  is  precipitated, 
which  consists  of  the  acid  united  to  oxide  of  iron,  and  we  are, 
therefore,  reduced  either  to  admit  that  the  iron  exists  in  tha 
Atftte  of  oxide,  or  that  chloride  of  iron  decomposes  water  by  the 
addition  of  a  solution  of  phosphate  of  soda,  for  which  there 
appears  to  be  no  sufiicient  canse,  nor  do  I  recollect  the  occur- 
ence of  any  such  case. 

The  action  of  water  upon  the  chlorides  of  potassium,  sodium, 
tterium,  8cc.  does  not  appear  to  have  been  more  decided  upon  by 
chemists  than  other  chlorides.  Dr.  Thomson,  as  I  have  already 
doticed,  considers  that  chloride  of  barium  by  solution  in  water 
becomes  a  inuriate ;  whereas  M.  Gay-Lussac,  in  a  note  to  a 
memoir  I  have  already  alluded  to,  says, "  On  mixing  solutions  of 
chlomret  of  calcium  and  sulphate  of  ammonia  nearly  in  equal ' 
volumes,  the  temperature  scarcely  rose  one  degree  of  Fahrenheit, 
diough  such  a  quantity  of  sulphate  of  lime  was  formed  that  the 
whole  mixture  became  solid.  The  solution  ofchloruret  of  barium 
treated  in  the  same  way  produced  an  elevation  of  aboat  6-3°. 
FVom  these  it  would  seem  that  in  the  solution  of  chloruret  of 
oalcium,  the  metal  is  in  the  state  of  an  oxide,  while  in  that  of 
<^oruret  of  barium  the  metal  is  still  in  the  metallic  state ."  With 
iMpect  to  the  chloride  of  barium,  I  am  certainly  much  more 
inclined  to  adopt  the  opinion  of  Dr.  Thomson  than  of  M.  Gay- 
lASsac  J  for  it  appears  to  me  extremely  difficult  to  discover  by 
what  kind  of  action  water  is  decomposed  whed  sulphate  of  sod^ 
for  example,  is  added  in  sedation  of  chloride  of^  barium,  aad 
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indeed  this  very  decompoBitioQ  on  this  principle  muat,  I  thinks 
pKve  fatal  to  what  seems  to  be  M.  Gay-Lussftc's  opintoa  thai' 
dhioride  of  sodium  is  not  decom[>osed  by  water.  If  this  latter 
supposition  be  true,  then,  when  sulphate  of  soda  and  muriate  of 
baiytes  suffer  mutual  decomposition,  the  muriate  of  soda  which 
isfOTined  must  exist  as  such  only  for  a  moment,  and  water  must 
be  recomposed  to  form  the  chloride  he  supposes  to  exist. 

That  the  different  temperatures  which  are  occasioned  by  dis* 
Ailving  certain  chlorides  m  water  cannot,  1  think,  be  deemed  a 
cnterion  for  determioiRg  the  questicm  may  be  inferred  from  a 
recy  ingenious  paper,  contained  in  vol.  xii.  p.  42,  of  the  Annalea 
it-  Chtmie.  In  tliis  memoir,  upon  the  analysis  of  mixtures  of 
the  chlorides  of  potassium  and  sodium,  it  is  stated  that  under 
gimilar  circumstances  a  given  weight  of  chloride  of  potassium 
sinks  Fahrenheit's  thermometer  20*52°,  and  the  same  quantity, 
of  chloride  of  sodium  depresses  it  under  the  same  circumstancea; 
only3'42°.  Now  it  can,  1  think,  hardly  be  supposed  that  bodies. 
60  similar  in  their  affinity  f(»;  oxygen,  as  potassium  and  sodiunif. 
Bhould  differ  in  their  action  on  water  when  combined  with  chlo- 
rine. We  may  consider  these  chlorides  aad  that  of  barium  as 
Am?erted  into  muriates  by  solution. 

,  With  respect  to  the  chloride  of  potassium  and  sodium,  theta. 
ue  other  reasons  for  believing  them  to  be  converted  into  mu- 
riates by  solution  in  water.  In  the  first  place,  these  metals  have 
ttron?  affiaity  for  the  oxygen  of  water,  and  so  also  has  the 
citlonne  for  its  hydrogen,  becoming  muriatic  acid  when  its 
&queoas  solution  is  exposed  to  the  solar  light.  As,  however, 
cQloriae  and  these  metals  have  also  great  affinity  for  each  other, 
it  is  certainly  possible  that  this  mutual  affinity  may  diminish  or* 
destroy  their  separate  attraction  for  hydrogen  ana  oxygen.  It 
most  be  granted,  as  before  noticed,  tnat  whether  we  dissolve 
diy  chlonues  in  water,  or  saturate  liquid  muriatic  acid  with 
metallic  oxides,  that  similar  solutions  are  produced. 

If  to  the  solutions  of  chloride  of  sodium  or  potassium  we  add 
snlphoric  acid,  their  respective  sulphates  are  formed,  and  a- 
similar  effect,  mutatis  mutandis,  is  produced  when  tartaric  acid 
is  used  with  the  solution  of  potash. 

Kow  in  these  operations,  one  of  two  csAes  must  occur. 
Supposing;  we  have  dissolved  potash  in  muriatic  acid,  and  the 
result  to  be  solution  of  chloride  of  potassium,  water  must  have 
been  formed,  we  then  add  tartaric  acid,  and  this  possesses  the 
power  of  so  acting  upon  the  elements  of  the  solution  that  water 
u  agUQ  decomposeu,  and  muriatic  acid  and  potash  again  result, 
u  IS  evident  oy  examining  the  B(dutioa  and  the  crystaUio*  ' 
deposit  of  the  bitartrate  of  potash. 

_  The  other  case  is  simply  this ;  viz.  that  the  chloride  of  potas- 
Ham  immediately  decomposes  water,  and  then  there  is  no  n^ 
CMsity  for  attributing  this  power  to  Uie  iaterreotioa  ^rf  the  buI- 
pliiric  or  tartaric  acid. 
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'  There  is  one  cnse  wbich  I  have  already  hinted  at  'which 
Sppears  to  me  difficult  of  explanation  upon  any  supposition. 
When  chloride  of  mercury  is  put  into  water,  as  already  noticed, 
fieither  solution  nor  action  takes  place  :  if  we  add  potash  to  the 
^xture,  protoxide  ofmercuiyis  immediately  precipitated.  Now 
]h  this  case  it  would  certainly  appear  to  tie  most  probable  that 
1ti%  oxygen  ia  supplied  by  the  potash,  the  chloride  of  potassium 
fbrmed  remaining  as  such  in  solution.  If,  however,  we  substi- 
fote  ammonia  for  potash,  still  the  decomposition  is  effected^ 
imiriate  of  ammonia  is  formed,  and  protoxide  of  mercury  pre- 
cipitated. In  this  case  it  would  seem  that  water  is  decom- 
posed by  the  intervention  of  ammonia ;  for  not  containing  any 
oxygen,  it  cannot  yield  it,  as  the  potash  may  be  supposed  to  do. 
It  IB  difficult,  I  think,  to  explain  this  action,  and  on  this  account 
I  am  far  from  denying  the  possibility  of  tartaric  acid  to  effect 
that  decomposition  of  water  which  may  be  supposed  to  occur 
when  it  acts  upon  chlorine,  potassium,  and  water.  Certainly 
virhat  ammonia  appears  to  do  in  the  case  of  chloride' of  mercuiy, 
tartaric  acid  m^  effect  in  that  of  chloride  of  potassium. 

In  vol.  vi,  p.  186,  ofthe  Annals,  M.  Gay-Lussac  says,  "When 
a  splutioa  of  chloruret  of  calcium  (which  he  supposes  to  exisitn 
Ablution  as  such)  is  mixed  with  subcarbonate  of  ammonia,  ^e 
clilorine  must  pass  to  the  state  of  hydrochloric  acid,  in  order  to 
iBombinc  with  the  ammonia ;  "  and  further  on,  he  observes,  "  It 
ik  the  difference  of  solubility  of  subcarbonate  of  hme  and  hydro- 
^Ibrate  of  ammonia,  which  occasions  the  double  exchange  of 
ft e  bases  and  acids ;  and  consequently  it  is  on  account  of  that 
difi^rence  of  solubility  that  water  is  decomposed." 
^How  with  much  deference  I  think  this  reasoning  can  scarcely 
be  admitted.  Surely  the  insolubility  of  carbonate  of  lime  cannot 
Sdt  until  the  carbonate  exists,  and  the  decomposition,  for  which 
t&is' insotubility  is  adduced  to  account,  must  occur  before  it.  If, 
However,  the  kind  of  reasoning  employed  by  M.  Gay-Lussac  is 
admitted,  then  we  may  certainly  account  for  the  decomposition 
of  chloride  of  mercury,  by  supposing  that  it  resultfi  from  the 
^nity  of  uncreated  muriatic  acid  for  ammonia. 
'*  After  having  considered  the  subject  (I  confess  with  much 
Ifess"  attention  than  the  intricacy  of  it  requires),  I  incline  to 
Ac  opinion  that  all  soluble  chlorides  are  converted  into  muriates 
by  solution  in  water.  I  think  it  will  appear,  from  what  I  have 
nated,  that  fewer  decompositions  must  be  supposed  to  occur  on 
^ia  Supposition  than  the  other;  and  it  is  to  be  recollected,  in 
sfipport  of  this  opinion,  that  no  objection,  as  far  as  I  know,  has 
been  made  against  the  idea  of  the  decomposition  of  water  as  it 
respects  sulpnuret  of  potash,  or  rather  potassium. 

Admitting  (what,  however,  I  am  by  no  means  dispose^  to 
assert)  that  the  opinion  which  I  have  adopted  to  is  most  proba- 
ble, the  question  still  remains  to  be  decided,  under  what  point 
trf-VKV  shall  we  regard  those  chlorides,  or  muriates,  which 
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'^^  cuQttin  water  of  ciyatftUizatioii.  Are  they  in  their  etjttiSmt 
■"^  state  chlorides  or  mnriates  1  I  certainly  in  this  caae  also  indujfr 
"^  to  the  opinion  that  they  are  to  be  r^;anlfltl  «a  muriates.  "n^iM 
I  idea  is  much  strengthened  by  the  following  passage  &Mp 
'^  Dr.  Thomson's  paper,  on  the  "  True  Weights  of  the  Atoma  tt 
"  Baiytes,  Potash,  Buj."  (Aimals,  vol.  xvi.  p.  331),  "  When  oiy. 
'^  laliued  muriate  of  barytes  is  exposed  to  a  red  beat  iq  a  platinnai 
'^  aucrtie,  it  hMes  all  its  water  of  crystallization  ;  while  at  the  aanw 
^  time  the  hydrogen  of  tlie  muriatic  acid  unites  with  the  oxygettof 
^  the  buytes,  and  flies  off  in  the  state  of  water." 


^  ARTICLE  V. 

ji,'  S^ract  from   "  An  Account  of  Two  late  Attempts  to  aacn0 
Mont-Bhne,    bj/  'Dr.   Hamei,    Counsellor  of  Slate    to  Ma 
Ij.       Majesty  the  ^iperor  of  all  the  Rassias." 

^'-  Most  of  our  ifeaders  are  probably  aware  that  during  the  iMk 
I'  tommer  an  atten^t  was  made  by  Dr.  Hamel,  in  c6mpany  wM^ 
'  Kveral  other  perftftiiB,  to  reach  the  summit  of  Mont  Blanc :  it.i^ 
I:  equally  well  Inavin  that  during  the  journey,  the  whole  pu^ 
^;   «as  in  the  most  imminent  danger,  and  that  some  of  the  guid9 

0  actuelly  lost  their  jives.  It  is  presumed  that  the  particuwa  m 
>•    this  fatal  expeditign,  taken  from  the  Bibliotheque^niveradlk 

pnbliBhed  in  August  last,  will  be  acceptable  to  the  readers  of  tlie 
!    Annals, 

'  The  first  of  thfi  two  attempts  of  which  an  account  is  gi^W, 
'    was  undertaken  on  August  3,  the  anniversary  of  the  ascent  ofl 

M.  de  Saussure.   Dr.  Hame!,  in  passing  by  the  hatha  of  St.  Ovt'  < 
>    vais,  heard  that  ^^°  persons  ot  tlie  country  had  reached  ttM 

1  summit  of  Mont  Blanc,  and  descended  the  same  day  at  PraiiwL 
whence   they  bad    set  out.      This   report   made   Dr.    HaiD^ 

i  desirous  of  attempting  this  new  route,  which,  according  tff 
the  account  given  of  it,  was  less  ditBcult,  and  dangerous,  wa$ 
much  shorter,  than  that  by  Chamouny,  which,  since  Saussare^ 
time,  had  alwaya  been  followed. 

ItappearB  uiat  the  same  persons  who  had  already  adceoitetf 
by  this  route  proposed  again  to  undertake  it,  in  order  to  remove 
some  doubts  which  had  been  entertained  at  Chamouny  wH> 
femect  to  the  practicability  of  the  journey.  With  these  persoiv 
tad  the  Curates  of  St.  Gervais,  and  St.  Nicolas  de  Verosse,  the 
attempt  was  made  by  Dr.  Hamel. 

In  order  to  insure  success,  it  was  proposed  to  effect  the  ascent 
in  two  days,  passing  the  night  near  la  Pierre  Ronde,  the  nam^' 
pven  to  some  rocks  situated  beneath  L'Aiguille  du  Gout6,  and 
»t  half-past  seven,  the  travellers  halted  to  pass  the  'night,  sheU 
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«Mm!  by  tba  rocka,  and  «ofc  far  .-fi«i&  a^  Mmnt  coniDg''  fl)ott4l« 
"flSkoier  de  BioDnassay. 

r    Tfie  night  was  beautifo],  and  at  hair  put  two  Bi  tile  moniiiij, 

-  Mhojijurneywas  resumed  by  mooD4iglit,  and -at  22  minutes  «ftar 

\irm  o*Uoc«,  the  travellera  reached  the  base  of  the  Aiguille  du 

■fjpaik ;    uid  afber  about  three  hours  of  ^ery   dtfficulx   aeceot 

'  wnong  loose  stones,  the  summit  of  the  Aiguille  was  aU^ned  at 

4ft  miQutes  after  eirht;    the  hei^t  of  nhieh  is  awards  of 

'  tftS^OUO  feet.    AftertakiDgrest,  and  adopting  precuitioosagaiiidt 

the  cold,  and  the.  rays  <nthe  aun  reflected  by  the  enow,  th«y«A 

offataquarterpastnine  towards  the  Dome  duGout^,  and  arrived 

at  the  summit  at  half  past  11.  , 

The  height  of  this  is  1330  [13,300]  feet,  and  Dr.  Hamel  could 
advance  but  few  steps  without  waiting  to  take  breath,  on  account 
of  the  rarity  of  the  air;  and  fiiidiag,  from  the  state  of  exhaustion  he 
was  in,  that  he  must  have  staid  at  least  half  an  hour  before  he 
^H^uld  resume  his  journey  towards  the  summit  of  Mont  ^ku>c, 
.  ,  and  calculating  that  it  would  be  impossible  to  come  back  to  the 
Aiguille  du  Gout6  before  night,  he  resolved  to  return  by  the  route 
by  which  he  had  ascended,  without  attaining  his  object.  The 
iwscent  is  represented  as  more  difficult  and  dangerous  even  than 
^B  f«cent,  but  it  was  safely  performed,  and  the  par^  arrived  «t 
«a6outnine  at  night  at  an  inn  called  PaviUon  ae  ^Hevue,  e^ 
Iffaate.  on  the  Montagne  de  la  Cfaaletta  between  Mont  Lacha  sod 
latent  Prarion. 

«  'Having  given  a  sketch  of  Dr.  Hamel's  account  of  his  lifst 
<4n«mptto  ascend  Mont  Blanc,  1  shall  continue  nearly  in  his'own 
'VMirds  the  account  of  his  second  journey,  and  which  was  attended 
with  great  danger  to  the  whole  party,  and  proved  fatal  to  votua 
mi^he  guides; 

A-'  *'  In  looking  over  M.de  Saussure's  work,  I  found  that  he  had 
■  -Cried  this  same  route  ;  but  the  dangers  which  he  encountered  is 
^Hke  ridges  of  1' Aiguille  da  Gout6  prevented  him  from  proceeding 
'  '^ttther :  he  did  not  even  arrive  at  its  summit. 
•  •  "  This  induced  me  to  believe  that  the  route  by  Chamoimy,  by 
'Whkh  be  afterwards  ascended,  must  be  at  least  as  convenient;       , 
%mA  1  wished  to  meet  with  an  opportunity  of  trying  it,  so  that  I       ' 
■iaigfet  decide  which  of  the  two  routes  was  preferable. 

"  Soon  afterwards,   I  learned  that  some  persons  at  Geneva       | 
^Mre  also  desirous  of  ascending  Montflanc  :  one  of  them  was 
M.'Selligue,  a  mioeraloffist  and  mechanical  artist.     He  infonned 
4a<a-'that  he  had  invented  a  barometer  upon  an  entirdy  new  pritk-   , 
^ple,  which  he  wished  to  try  on  these  mountaina. 
.   '  As  the  da'm  of  Mont  Blanc  to  be  considered  the  higheit 
mountain  of  Europe  has  been  lately  disputed,  and  as  no  travd^ 
¥tt9  who  have  ascended  it  since  M.  de  Saussure  have  taken  th^ 
trouble  to  measure  it  again,  I  wished  to  determi&e  its  height^  . 
With  the  uBsistanoe  of  several  barometers.     Prof,  de  Saussurt 
-itui  the  goodness  to  lend  me  an  excellent  walking-sUck  bar»>  . 
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mtUf,  owdtf^ at Timn.  Tha  wssrvoir  fortlie  qiertany  is  a |;lasi 
oydiader,  and  the  level  ie  ragulatfid  by  %  screw  and  piston, 
m-  ^Hligue  conttrueted  a  svphon.  barometer ;  and  in  esse  tfae^iql 
tnro  ijaroinetefs  stiouid  be  deranged  io  a«>cending,  }  filled  wit^ 
nwrcury,  two  glass  tubes  llj  or  20  inches  in  length,  and  bent  at' 
one  «id  Lksr  a  syphon.  The  igercury  having  been  boiled,  |. 
cloced  the  opening,  so  that  no  variation  in  the  volume  of  thtt 
Aiercuf^  wight  cause  air  to  enter  the  htttger  leg  of  the  syphonl 
Oe  arriving  at  any  height,  I  had  only  to  renioye  the  cork,  an^ 
aDow  part  of  the  mercury  to  coipe  out,  and  then  to  measure  tliQ 
btight  or  the  colurjin'  standing  in  the  tube.  .  I  had  thus  f  luj; 
iMrometrtcal  iostrumeots  to  measure  the  height  of  the  ^uiiimit. 
.  "  In  my  tirst  ascent  I  was  surprised  at  the  action  which  tim 
Bvn's  rays  had  upon  the  slfin;  and  1  intended  to  maJ^e  some 
esperimeiUs  on  the  power  of  theee  rays  eoncentrated  by  lenses. 
Col.  Beattf(^  had  previously  paid  ^ome  attention  to  this  Wl^ec^ 
aad  I  think,  as  be  does,  that  these  experiments  may  becoDi^ 
interesting  in  the  theory  oflight  apd  heat. 

"  1  purposed  also  to  make  pb^eryations  upon  myself  and  mj 
companions  as  to  the  effects  of  rarefied  ait  upon  aniqial  brgam-i; 
tatio'V;  agd  afler  what  I  had  already  observed  .duripg  my  fiist' 
weent,  I  flattered  myself  that  I  should  obtain  re^glts  whidf- 
vould  be  useful  in  phvHiology. 

"  1  [xoeured  a  bottle  of  bme-water  to  determine  the  presencejl 
and  by  approximation,  the  quantity  of  carbonic  acid  in  thess 
tlfrvatM  r«gionis,  and  to  discover  whether  air  which  bad  been 
KBpired  contwned  the  %%to»  j^uantity  of  carbooic  4cid  as  it  does' 
n'  those  regions  in  which  at  each  inspiration  one-third  <aort 
«lygeft  enters  in  tjaeeame  volume  of  atmoephiiric  air-  I  intended 
awj,  when  high  u{>,  to  bleed  some  aainjaJ,  in  order  to  obgervp 
by  the  colour  of  the  blood  whether  it  was  of  vf3s  not  sufficienlljf 
decarbonized^ 

.  *'i  filled  four  bottles  with  .spirit  of  wine,  which,  when  poured 
■|lDn  a  sp  age,  was  intended  to  be  used  for  combustion ;  an^ 
1  )M»posed  to  bring  back  some  of  the  air  of  the  sumqvt  in.  these 
Wttles  for  cui^ysis. 

"  A  Papia's  digester,  of  very  simple  ciiHistruction,  way 
intended  to  prove  the  possiiHlity  of  cooking  meat  at  great  heightfb 
The  monks  of  the  Graud  St.  Bernard  complain  uat  they  are 
maable  to  dress  their  food  sufficiently.  The  reasMi  of  it  is,  that 
■Mter  jn  large  open  vessels,  being  Less  coiiipnessed  by  the  atmo- 
qihere  at  great  heights  than  in  plains,  boils  at  ajower  tempera^- 
hire.  A  separate  apparatus  was  prepared  to  measure  the  exac^ 
tamperattue  at  which  water  boils  at  different  heights. 

"  A   small  table,  with  a  camera  lucida,  was  fivnisbed  by 

BL  Selligue,  to  jsketch  apanoramafrom  the  summit  of  Moot  Blajao> 

"  Pret.  Pictet  supphed  me  with  the  inatruments  requisite  tp 

nberve  and  m^tsure  the  temperature,  the  electfidty,  and  thp 

■sasture  of  (he  ti»bpsph««,  &«.  Sw^ 
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'^  "Mr.  Joseph  Domford,'  and  Mr.  Gilbert  HeadenKui,  two: 

Engliah  genUemen,  and  both  of  the  University  of  Oxford,  were 
ansiouB  to  join  ns  ;  the  former  of  them  had,  when  in  Englandy 
formed  the  project  of  ascending  Mont  Blanc.  We  set  out  OB' 
Aug.  16,  attnree  o'clock  in  the  afternoon  from  Geneva  for  Cha^ 
iltouny.  We  arrived  the  next  day  at  le  Prteure,  reaching  the- 
excellent  hotel  de  I'Union,  kept  by  M.  Cbarlet,  at  two  o'cwck. 
'  "  We  applied  to  Joseph-Mane  Coutet  et  Mathieu,  son  of 
Pierre  Balmat,  whom  M.  Pictet  bad  recommended  to  us  ag 
guides  wbo  were  equally  robust  and  trusty.  They  advised  ub  to 
Dike  12  guides,  or  three  for  each  traveller.  We  referred  the 
dioice  to  them ;  and  our  obHging  hostess  undertook  to  pr«pttse 
flit  that  was  necessary  for  the  journey.  The  next  morBiDg  at  s 
quarter  past  five  o'clock,  we  set  out  is  the  finest  posuble  weaker. 
We  went  at  first  in  the  direction  of  the  Glacis  des  Bossoni^ 
but  before  we  readied  H,  we  turned  to  the  left,  and  began  the 
sscent'in  a  forest.  -At  seven  o'clock,  we  had  got  above  the 
forest,  and  reached  the  chalet,  inhabited  by  Pierre  Francdi* 
¥^vret,  forraeriy  one  of  Saussure's  guides,  who  hSd  ascended, 
'  Mid  his  son  was  with  ns. 

"  Here  one  of  our  ojuides,  JuHen  Devouassou,  son-in-law'ol 
D.  Paccard,  was  neany  poisoned.  -  He  supposed  that  he  ha4 
bought  some  syrup  of  vinesar  at  Chmnouny ;  and  arriving  at  a 
stream, . he  tried  me  syrupHiefore  he  mixed  it  with  water :  lie 
swallowed  a  little  of  it.  It  was  concentrated  siilphuric  acid^ 
which  burned  bis  stomach  and  mouth  in  a  terrible  mann^.  His 
sufferings  were  great,  and  he  vomited  much.  Fortuaately  ibis 
accident  haippened  near  a  chalet,  where  1  found  some  wood 
mshes,  and  'mese  I  made  him  BwaHow  mixed  with  water ;  the 
idkali  neutralized  the  acid  instantaaeously,  and  the  guide  baviqg 
recovered;  continued  the  journey  with  us. 

.  "  From  the  chalet,  the  ascent  is  continued  zig-^ag  in  the 
Bireedon  of  the  Aiguille  du  Midi;  at  half-past  eight,  we  rested 
it  la  Pierre-pointue,  where  the  mountain  prMects  between  die 
XSlacierdes  Bossons  and  the  Glacier  des  Pelerins,  but  nearest 
the  former.  From  hence  the  summit  of  Mont  Blanc  is  far 
"Ad  first  time  visible,  and  le  Prieure  is  still  in  sight.  Ttbra 
^ence,  we  turned  a  little  to  the  right,  and  at  nine  o'clock  we 
'crossed  the  torrent  called  I'eau  noir,  but  which,  instead  of  water, 
'was  fiUed  with  enormous  blocks  of  granite,  rolled  down  from 
above':  the  Aiguille  de  la  Tour  ia  on  the  left.  A  quarter  of  aa 
lour  afterwards,  we  passed  to  Nant  Blanc;  and  at  a  quarter 
"before  10  o'clock  we  halted  to  breakfast  round  a  great  stone 
between  the  Glacier  des  Bossons  and  Mount  Basselacbe.  The 
^i:ides  call  it  "  la  pierre  de  I'echeile,"  because  they  usually 
"leave  the  ladder  there  which  is  used  to  cross  the  Glacier.  At 
'10  minutes  past  11  o'clock  we  recommenced  our  journey,  and  in 
five  niinntes  we  reached  the  Glacier  des  Bossons,  which  tiiiiBt 
be  crossed  obliquely  in  the  diriction  of  the  Grand  Mulet.     At « 
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ftnodied  paces  ;fron  the  edge  of  tke  GlsGisr  wooden  begin  whicb 
no  pen  can  describe.  At  every  moment  we  stODoed  to  makiti 
eacR  otber  obaerve  aoue  Btrikiag  co^fieunttkm  oiitie  ice ;  we 
heard  nothing  but  '  Look  to  the  ngnt !  hooit.  to  the  left ! ' 
^^metimes  it  was  a  boUomleaa  precipice;  at  othersa  t0werofic4 
more  than  100  feet  in  height.  The  ladder  was  soon  required. 
JIow  were  we  to  crow  a  crevice  of  20  feet  wide,  apparently  boU 
tomless,  longitudinally  divided  into  two  by  a  thin  wall  of  ice, 
«»rcriy  a  foot  thick,  and  10  feet  lower  toan  the  aides  of  Uw 
crevice  which  it  divides  1  Arrived  at  the  brink  the  ladder  a 
lowered  and  supported  upon  the  thin  wall  of  ice  in  the  mtddl,e 
of  the  crevice.  One  of  the  guides  descends;  the  first  traveller 
fi)llowB,  and  keeps  himself  upright  near  the  ladder  on  the  wall' of 
ice,  one  foot  broad,  or  sup,>orted  by  his  stick,  he  stands  immov- 
able, and  endeavours  to  shun  the  sight  of  the  two  blue  gu|^s 
feady  to  swallow  him  on  the  least  loss  of  equilibrium.  T^e 
guide  then  rests  the  top  of  the  ladder  against  the  opposite  edge 
■of  the  crevice,  and  the  traveller  having  mounted  it,  it  is  a^in 
returned  to  the  first  brink  in  order  to  let  the  second  traveller 
^Mcend,  and  so  on  with  the  remainder.  When  the  ladder  ie 
4onie  inches  longer  than  the  crevice  is  wide,  it  is  placed  across 
it  like  a  bridge;  and  every  one  goes  over  on  his  hands  and 
^ees.  Sometimes  there  are  .crevices  which  are  covered  bjr 
^bridges  of  snow  which  are  often  nanow.  Sometimes  those  who 
iWalk  last  find  these  bridges  penetrated  by  a  foot  which  has  pre* 
ceded  them,  and  it  is  men  necessary  to  turn  the  foot  a  htUe 
'aside. 

,  "  In  spite  of  all  the  difficulties  and  dangers,  we  crossed  (h* 
Glacier  without  the  least  accident.  At  a  quarter  past  one  we 
were  above  the  junction  of  the  Glacier  des  Bossons  with  the 
,GIacier  de  Tacconay,  and  between  these  two  occufs  the  Mon- 
.tague  de  la  C6te  ;  and  after  having  ascended  a  ridge  of  snow» 
inclined  at  an  angle  of  66",  at  precisely  three  o'clock,  we  set 
foot  oattie  base  of  the  Grand  Miuet  on  the  western  side.  ThfB* 
.rocks,  which  project  from  the  middle  of  the  ice,  are  not  more 
Sna  than  those  of  the  Aiguille  du  Goute;  and  we  ascended 
.them  so  slowly  that  it  was  half-past  four  when  v^e  arrived  at  the 
highest  part  of  the  Grand  Mulet.  A  black  cloud  which  formed 
in  the  west  decided  us  to  stay  here  for  the  night.  The  summit 
of  this  rock  having  Uie  form  of  the  letter  L ;  that  is  to  say,  of  a 
tight  angle,  our  ladder  and  some  sticks  covered  with  cloth  were 
■0  arranged  as  to  form  the  hypothenuse.  A  little  straw  scattered 
upon  the  horizontal  part  of  the  rock  was  the  mattrass  upon 
Which  we  lay  down  side  by  side.  We  were  hardly  covered 
whca  it  began  to  rain;  and  soon  ailer  the  thunder  was  heard 
majestically  around  us.  I  had  scarcely  attempted  to  put  the 
pomt  of  the  electrometer  out  of  our  tent,  when  its  two  balls 
began  to  move  with  so  much  violence  that  I  was  fdartoed.  The 
.«r£)Le  of  the  night  was  stormy.    The  next  monting  the  nia. 
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MtlMdi  tind  the  tar  was  so  pure  that  We  saw  fhelake  ofGeitevK^ 
ftad  Botift  taore-dislantobjects,  tery  dtstinctiy. 

''  We  ho{:>e(i  that  towards  noon  the  Weather  would  ctMr  n^ 
Imc  It  rfemdined  uticertam,  and  we  molved  t)i«Q  to  bivoHM 
igdlti  the  foltowing  tiight  m  out-  tenti  la  Cosaa^ire.  CoutetOHft 
t*o  of  our  raeii  to  LeTrieUi^  to  procure  «  supply  ofjprovisieWfc 
Jbt  the  guides.  At  intervah,  I  occupied  my8«f  wHn  reboiling 
^  metxuty  of  one  of  my  barometer  tubes,  which  had  been 
Ihjiired  on  the  jonnrey.  We  tried  the  temperature  «f  boilnAi|( 
ttater,  and  found  it  to  be  162°  of  Fahrenheit.  1  made  arrangftf 
{hents  to  l^t  off  ftome  fire-Works  on  returning  from  the  sUmmt^ 
Jbr  1  was  cUrioub  to  try  whether  the  fire-Works  would  rise  Welltft 
iKrs  rare  ^ir.  T  had  balls  and  shining  stan  prepared  wit^ 
IVsenic.  I  had  also  Bengal  fire  prepared  with  antimony;  atid> 
besides,  a  mixture  of  nitre,  sulphur,  and  orpiment,  in  ordeV  ttt 
try~  to  Tlluminate  ill  the  smnmit  of  Mont  Blanc,  and  the  spirea  oC 
the  surrounding  mountains. 

""  "  Atfive' o'clock  some  hail  fell,  and  until  midnight  the  weathct' 
'Was  clbudy ;  but  on  the  20th,  at  one  in  the  motning,  the  heaven^ 
^()e.ired  studded  with  stars,  although  the  valley  was  still  hiddMt 
Vy  iog.  Coutet  went  out  to  observe  the  weather,  and  inform«t 
%s  tint  it  promised  well,  but  that  it  Would  be  prudent  still  to  wadit 
V  little  before'  We  decided  upon  ascending.  At  about  fiv« 
tJ'clock,  the  snmniit  was  lighted  by  the  sun  ;  the  air  perfectly 
'Veten'e  and  calm.  Our  guides  informed  us  that  ^vb  might  begin 
IJur  jcfurney.  M.  Selligue,  who  had  been  for  some  time  unwell, 
and  who  leared  the  return  of  the  rain  before  the  close  of  dnj*, 
ilVeferred  staying  at  the  Grand  Mulet.  Two  of  our  gi^ides  who 
4nd  never  ascended  Mont  Blanc,  and  whom  Goutet  wished  «*> 
■Remain  with  M.  Selligue,  refused  to  do  so.  The  weather  Wris 
■fiivourable,  and  everyone  Was  desirous  of  ascending.  At  length 
'two  other  guides  consented  to  slay  behind.  Messrs.  DOmfonil, 
.  flendersoQ,  and  I,  with  ei^bt  guides,  set  out  from  the  Gratill 
^ulet  tit  20  minutes  past  five  ;  the  thermometer  was  at  34*-6f 
Fahrenheit.  Havmg  entered  upon  the  snows  which  were  httfe 
tather  deep,  we  went  immediately  towards  the  Aiguille  du  GoritS, 
afterwards  we  ascended  towards  the  summit,  and  almost  rf- 
Wavs  in  a  zig-zag  direction,  in  order  to  avoid  the  crevices  and 
■%tee'p  acchvities ;  and  at  a  quarter  before  seven,  the  summit 
'Veapi^ared  on  tliiaside.  The  weather  was  beautiful ;  and,  vetV 
fer  beneath  us,  tve  saw  white  clouds,  like  a  cahn  sea,  penetrated 
"here  and  there  by  the' summits  of  the  highest  mountains,  tl* 
tlames  of  which  were  mentioned  byCoiitet,  les  Fours,  I'Aiguilte 
de  Varens,  le  Buet,  le  Dent  du  Midi,  le  Dent  de  Morcle,  See. 
At  about  seven  o'clock  these  clouds  began  to  disperse,  and  We 
Jierceived  le  Prieur^.  As  we  continued  to  ascend,  we  found  tilt 
'inow  harder,  and  not  so  deep.  '  No  snow  seemed  to  have  f«^Mi 
"tn these  higher  parts  for  some  time. 

At  20  iQiQates  past  seven  we  reached  the  ^t  tit  thvee  fMU 
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Annk'of  snow,  ^icb'AOcnr  in  the^p&ca^betwcfiD'fhe  DdmedM 
Ooot^iand  Bloat  Mmidit,  tlMsastcin  ehotdderof  Moot  UaBOl   : 
J^erbmvina  ctOHsedlhia  first {datfonD,8ta({UBrterbeibteei^trt)'' 
ve  ascend^  an  acclivity  at  an  angle  of'^it'  or  30°.     Tiiis  )e*da 
Id  the  steond,  fvhii^  ife  bagan  to  orow  at. 10  miDutea  part 
e^ttf-^Ting  then  on  oar^ri^  haod  the  greet  terBC9*'of  idt| 
■ttich  -are  irisibte  oven  «t  Chamooay.     The  akj,  when  iiliiiniiirf 
Mar  tkMe  whke  masaea  of  ice,  appean  ofisn  extremely  ilrnyi  .. 
}iae  colour ;    indeed  aliuest  btadt.     After  having  ascended 
aaotlter  steep  acclivity,  we  reached,  at  half-past  «aht,  the  laM 
^the  neat platfonflB,  bounded  on  the  right .by.thentgiiestpeM/ 
•f  the  l)6iiie,'  on  the  left,  by  the  last  roeks  on  this  eide,  and** 
Hm  south  side  by  a  steep  acchvity,  at  i^ot  the  height  ofwfaidif 
and  8  little'  &irtlwr,  appears  the  summit  of  Moat  tiianc.    Hait  - 
•or  guides  ccmgratolated.us,  teHing'  us  thatidl  difficulties  W|V*  , 
ttctcuUy  overcome;    iJiere  were  m>  more,  crevices,   bo  bob^ 
dangers.     Nei?er,  said  they,  did  an  ascent  succeed  better ;  nil 
ane  ever  ascended  imire  rapidly,  and  widi  ieBB  difficul^.     id  ; 
feet,  the  snow  had  precisely  the  degree  of  hanjness  wbidi#  . 
desirable  for  walking  upon  widi  ease:  the  feet  did  nob  sink -too 
much,  vnd  the  snow  was  not  too  hard.     We  had  neverthdaaa 
fin «oiDe time  experienced  the  effects  of  the  raiity  of  the  aort 
■ly  pidte  beet  12^  in  a  minute,  and  1  was  coiitrnually  thin^ 
Our  goideEi  advised  us  1»  breaklast  here,  for,  -said  they,  hi^m 
Sp  yoir  wdl  have  no  appetite.     A  cloth  was  spread  upon  tW 
tomw  at  the  enb^nce  of  tho  great  [rfetform,  whidi  served  btrill  . 
for  diairs  and  table.    Every  one  eat  his  half  chioken  with  app«* 
tite.     1  arranged-aereial  things  for  the  observations' and  ezpeail 
Beats  which  1  proposed  to  make  on  ^e  sunmit.     I  wrpte:t<n 
■otes  to  announce  our  arrival  at  the,  summit,  lettving  a  blaidi 
merely  to  insert  the  hour.     I  intended  to  lasten  than  toa  pigeOi 
«^eb  1  had  vnth  me,  and  which  1  kitended  to  libemte  on  ^bm 
■■aimiti  in  ^order  to  observe  how  he  would  fly  in  this,  rare  atau* 
nherc;  xcod  afterwards  to  know  if  he  woald  find  Ins  way  dt 
MUenOlaa,  wbere-tlie  female  was.     We  kept  a  bottle  ofaat 
btat  wine  in'otdertA.driidi.to  the  memory  of  deSaussureonlte 
lummit.  I 

-"  At  preeisely  nine  o'clock,  we  set  ofTto  ascend  thesummttt 
whn^  we  sBW'  bfetbre  us.  "Would  you  aooept  a  thousand 
.poonds  to-desiiend  instead  of  ascending  ? "  said  one  of  ray 
Wmpanions  to  his  fellow  countryraenr  "i  would  not  retura 
fcr  any  money,"- was  the  reply.  We;  were  all  full  of  hope  and 
m  at  seeing  outselves  so  near'  die  end  of  our  joumey.<^Th» 
BMutifut  weatfaar,  the  calm  whidi  reigned  around  us,  the  celea* 
tiat  air  wbiob  ws  had  breathed  during  our  repast,  made  imprea* 
■oob  apon  ouriBnds  which  are  not  experiemud  in  low^r  regioan 

.  *  Seraa  an  IboH  ynilld^iprii,  dilm.  mi  othet  Tsthci  leguUr  fiirau  of  ice  mi 
IBfri  wbUi  ne.  fbuiid  M  grcM  hcighM.  The  njune  ia  deriied  rhmi  a  Uod  of  wUlft 
''a'dwsAlBralnt,"aM*b  vUdtHmtf  fivBA  itv^Mn. 


■•//■'- 


m  Dr.  HameFa  AtcotaUef  ISkitl 

,  f  Mfw  myself  ^ready  on  tlte  suminit.    I  ioA  a  spedmen  of  Uw 
~\:  Mglvest  rock  in  Europe  to  place  it  in  die  Imperiju  Minenlogicsl 
flabinet  Kt  St.  Petersburgu.     1  intended  Bome  for  the  nrasentn 
9k  Geneva,  and  other  colfections.  ■     - 

:  '*  We  croased  the  great  platbnn  of  snow,  Ei,tYbe  entrance  of 
^ich  we  had  breaktasted.  While  crosaing,  J  bad  occasion  ta 
•Hnainfor  some  time  ratber  behind,  and  it  was  near  the  an^e 
•B  the  right  that  1  rejoined  the  company.  We  ascended  about 
%ilf  the  height  of  the  great  acchvity  of  snow,  which,  extendins 
the  whole  length  of  Uie  platform,  rises  towards  the  summit  M 
Mont  Blanc.  As,  however,  between  this  acclivity  and ,  the 
■imunit  there  are  ridges  of  ice  which  are  alm<Mt  vertical,  it  is 
Btcessary  to  cross  the  acclivity  horizontally,  by  keeping  to  the 
left,  in.  order  to  reach '  the  last  great  rocks  at  the  height  of 
14,700  feet  from  which  Italy  is  visible.      From  these  rocks,  by 

Sming  to  the  right,  the  summit  is  ascended,  at  &e  height  ot 
K)  feet.  We  walked  one  after  the  other,  for  it  is  prefentble  te 
tread  in  the  footsteps  of  the  first  guide,  who,  on  account  of  the 
&tigue  which  he  suffers,  is  changed  ftom  time  to  time. 
t.  "  We  advanced  thus  in  a  nearly  horizontal  line,  crossing  tlie 
sedivity  about  half  way  np ;  that  is  to  say,  at  almost  equal  dis- 
tances between  the  ridges  on  our  right,  and  the  platform  of  snow 
upon  our  left.  Na  one  spoke,  for  at  this  height  even  talking  is 
fttiguing,  and  the  air  conveys  sound  but  fiunUy.  1  was  still  the 
^Kst,  and  after  taking  a  dozen  steps,  supported  by  my  stick,  I 
Jtopped  to  make  16  mspirations.  1  found  that  in  this  manner  I 
could  advance  without  exhaustion.  Prepared  with  green  speo- 
^ades,  and  with  crape  before  the  face,  my  eyes  were  fixed  upon 
«jy  steps,  which  I  counted.  Suddenly  1  felt  the  snow  give  way 
ander  my  feet.  Thinking  that  1  merely  slipped,  I  thrust  my 
jitick  to  the  left,  but  in  vain.  The  snow,  which  accumulated  on 
4ny  right,  overturned  and  covered  me ;  and  I  felt  myself 'forced 
downwards  with  irresistible  power.  I  thought  at  first  that  I  was 
^e  only  one  who  sufiered  this  accident,  but  feeling  the  snow 
accumulate  upon  me,  so  as  almost  to  prevent  my  breathing,  I 
imagined  that  a.  great  avalanche  was  descending  from  Moot 
Blanc,  and  forcing  the  snow  before  it.  .  Every  moment  I 
expected  to  be  crushed  by  this  mass  :  while  descending  1  turned 
ever  repeatedly,  and  I  strove  with  my  strength  to  divide  the  snow 
with  my  arms,  in  which  1  was  buried  and  stni^ing.  I  succerded 
•t  last  in  getting  my  head  out,  and  I  saw  that  a  great  part  of 
4he  acclivity  was  moving ;  but  as  I  found  mysatf  near  the  edge 
of  this  slippery  part,  I  made  every  effort  to  get  upon  the  hard 
tfnow,  where  1  might  at  last  find  footing.  It  was  not  until  thea 
that  1  knew  the  extent  of  the  danger;  for  I  saw  myself  near  a 
Crevice  which  tennitaated  the  acchvity,  and  separated  it  iron 
|he  platform.  At  the  same  moment  I  saw  Mr.  Henderson'* 
fiead  still  nearer  this  abyss.  I  discovered  still  further  Mr.  Born- 
ford  and  tji'ree,  guides,  out  the  five  others  did  not  appear.  ;r4[  , 
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iMlped  BtiU  to  nnr  thin  nmn  nut  iflhi  iiiin  i  iiliiili  lini1iilnii|nJi 
iitit  Mathieu  B^mat  cried  out  Uiat  there  were  adU  peraoin  ititli* 
4nrevice.  I  will  not  attempt  to  punt  what  thea  passed  iaiA)^ 
mind.  I  saw  Mr.  Uomford  throw  himself  upon  the  snow  is 
despair,  aod  Mr.  Henderson  was  in  a  condition  whit^  made  me 
fear  for  the  consefjnences.  But  our  conscJatifH]  may  be  jud^d 
lof  when,  some  painutes  afUrwarda,  we  saw  one  of  the  guides 
jBome  out  of  the  crevict ;  our  hurras  redoubled  at  the  appear^ 
9ace  of  the  second ;  and  we  yet  hoped  that  the  three  oth^ 
«ouM  also  reappear,  .but,  ala>i  f  tht^y  were  seen  no  more.  •n 

.  The  g;uides,  fearing  a  second  sUpping  of  the  snow,  directad. 
as  to  remove  to  a  distance,  but  that  was  impossible.  Mr.  Don*- 
ford  declared  that  be  was  readv  to  sacrifice  his  life  to  go  and 
aearch  for  the  unfortunate  guiaes :  I  offered  him  my  hand,  and 
partly  sunk  in  the  snow,  still  moveable,  we  advanced  in  spitB 
of  the  guides,  towards  tiie  crevicp  of  unknown  depth  fflled 
with  snow,  and  to  the  place  in  which  they  must  have  fallen. 
l%ere  we  descended  into  this  gulph,  and  I  sounded  the  snoir 
every  where  with  a  stick  without  teeling  any  resistance.  %vejie 
yeaing  it  possible  that  the  own  might  hare  fallen  into  some 
leavi^,  or  upixi  some  projection  in  the  crevice ;  and  as  the  sb^ 
«a  aeeouBt  of  its-rarity,  does  not  convey  sound  well,  I  thrust  tlm 
longest  stick  quite  to  the  end  in  the  snow ;  and  lying  down  up(Mi 
it,  lapplied  my  teeth  to  the  stick,  and  calling  tae  men,  by  thnr 
names,  1  listened  with  great  attention  to  hear  any  noise ;  butt, 
idl  was  in  vain.  The  guides  came  upon  us,  and  forced  us,  so  (0 
eiq^ess  it,  to  come  out  of  the  crevice.  They  declared  our  seor^ 
useless ;  they  even  refused  the  money  that  we  offered  them  if  they 
.would  wait ;  they  laid  hold  of  MM.  Domford  and  Hendersot^ 
and  while  I  was  still  Bounding  the  snow  (which  had  passed  tjw 
jcrevice  for  a  great  space),  they  proceeded  immediately  with  theoi 
to  some  distcmce ;  so  that  1  was  under  the  necessity  of  descendr 
wg  with  only  Coutet,  who  had  not  aven  a  stick ;  but  absorbei^ 
in  the  horror  of  the  event,  I  was  become  insensible  to  dang^ 
«nd  I  crossed  all  the  crevices  without  thinking  of  them.  .Idid 
not  rejoin  my  two  companions  till  1  arrived  at  the  Qraud  Mi>lel» 
irom  whence  we  set  off  for  the  Glacier  des  Bossons,*  and  it 
'half-past  eight  in  the  evening,  we  returned  to  the  Hotel  (fe 
I'UmoR  at  Chamouny,  without  experiencing  any  great  degree 
of  &tigue.  I  was  the  more  astonished  at  this,  because,  for  w 
hour  alter  the  accident,  I  made  graat  efforts  in  an  elevated  situ* 
tion  where  the  least  exertion  exhausts  the  strength.  •' 

'*'  I  shall  here  add  a  few  words  explanatory  of  our  unfortanabk 
Accident.  It  ef^ared  that  the  upper  stratum  of  the  snow  on>thp 
-•ccliri^  lay  upon  another  stratum,  which  w^  very' slippery  Qa- 

thcOIwio dti  Bouoni,  we  fbnnd  >  joang  cfaamna  iii>dd  ui  iili  tf 
wilh  MMnmoui  cnviec*,  it  lud  probaUy  died  tiem  inaiiiitoii.  Oa<  sf 
Ac  Ugh  MTuu,  nitder  the  ihadc  of  wbich  n  had  K^oMd  in  oui  ucent,  lud  Edtea  bt 
iteiintiTwl,  KDd  bad  eomed  the  ^M  dq  which  w«  hid  Ve^^  with  in  ftifMtoM^  '  ' 
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tkevarface;  and  as  our  track  out  the  flnrt  stntam  acresa,  :tlM 
part  wbisk  was  above  ui  began  to  aUp  umd  tfae  oUier,  formio^ 
K^iat  ia  called  in  the  i'Oberiand  de  berae,  tuoggiscAiite,  'Or 
rulHhIavine,  In  that  part  where  t^e  firtt  of  our  ffle  walked,  th* 
ftoebvity  waa  mvch  ateepertban  nearmewherelbadmeaiuredtt 
s  bttte  before  the  accitknt ;  there  it  iocHned  at  aa  «ngle  of  2tfii 
Pvrtber  on.  tfae  maaa  of  Miow  was  also  thicker,  especially  hi^ 
vp }  fw  the  nind  usually  drifts  there  the  loose  saow  blown  front 
the  sBntmit.  For  these  reasons,  the  slipping  necessarily  began 
at  this  place,  and  the  snow  descended  directly  towards  tbfe 
snvice ;  while  about  me  it  took  an  oblique  direction  forward. 
It  was  on  this  account  that  the  three  first  of  tfae  flle*  fell  •* 
deep  into  the  crevice,  and  were  covered  with  snow,  so  that  1M 
were  nnftble  to  discover  thetn,  while  the  fifUi  and  &ixth,t  trbn 
had  also  feUen  in,  were  able  to  disengage  theniBelves.  CouiaC 
«ame  up  with  his  face  of  a  blue  appearance,  and  with  symptoms 
of  satfocation.  Matbien  Balmat,  who  was  a  very  strong  man^ 
■ad  one  of  oar  principal  guides,  walked  fourth,  was  the  only  one 
who  coold  withstand  the  slipping  of  the  snow.  Thrown  down  and 
•ftarwards  carried  to  some  distance,  he  had  the  presence  of  miivd. 
to  thrust  his  large  stick  down,  like  an  anchor,  into  the  hardened 
•now.  The  two  other  guides  j:  were,  hke  us  three  travellers,  boried 
Id  the  snow,  and  forced  towards  the  ere  vice,  without,  however,  filQ- 
hig  into  it.  The  guides  reckoned  the  surface  of  the  snow  whidt 
moved  to  be  neaniy  10Utathonisbroad,and260higbinenobliqtrt 
direction,  From  the  firmness  of  the  snow  which  hud  slipped,  it 
Wftsevidentthatitbad  not  lately  fallen.  The  guides  moat  accuse 
tOB>ed  to  the  snow  did  not  saspect  any  dan^r.  At  the  raomeflt 
the  accident  occurred,  the  brother  of  one  of  our  principal  guide* 
Walked  first,  and  the  second  was  a  man  who  bad  been  thig 
joamey  12  times.  In  coming  from  the  side  of  St.  Gervais,  pass^ 
mg  by  the  j^iguilles  and  the  I)6me  du  Oout£,  it  is  necessary  ta 
ttk^  tiie  route  to  Chamouny,  in  order  to  reach  the  acclivity, 
which  deceived  ua  when  we  imagined  all  dangers  were  past. 

"  Whether  we  ascend  one  side  or  the  other,  even  after  haviaff 
Escaped  as  1  did,  the  formidable  rocks  of  the  Aiguilles  du  OoucC 
«nd  passed  the  gulphs  of  the  Glacier  des  Bonsons,  we  incur  the 
danger  near  the  summit  of  being  swallowed  up  by  the  yielding 
of  the  Euiow  which  ftt  first  appears  to  be  firm,  but  suddenly  gives 
way— a  species  of  danger  against  which  it  ia  difficult  to  find  4 
^servative." 

•  They  were  Piem  Bklmat,  brother  of  Mathieu,  and  eUeM  >an  of  P.  B»lin«t,  one 
tt  Ote  andent  guides  of  M.  de  Saumre  ;  Piene  Cinier,  a  imith  by  tnde,  who  had 
tMD  II  doMiBpniMwit Blanc ]  and  AuguM*  T^na.  Tbialut ud  P.  BilmatlMi 
acvw  beea  en  Mont  Blaiio,  aod  ware  the  tvo  guidta  who  tafiued  la  renuuD  at  Ac 
Grand  Mulet.  These  ihiee  carried  the  pravuiona,  the  iiiBDunienta,  the  pigeon,  and  « 
live  fowL '  No  MM  of  them  was  manied. 

t  JgaephMarieCoaut,  enattToarprincipalgatdcsQiubthRvasilMwldt'U.dr 
JBaOMOre),  and  Jnlien  DeVTa«uran,  who  neaped  bcfaig  jnboned  by  oil  of  libieL 

i  DtTid  Cddm,  tbt  bNlbR'Vf  JvMph  Uaik,  an  pind|Wl  g«Mt,'ted  Dm|I 
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Description  of  a  »tw  Clinometer.    By  S.  P.  Pratt. 

(WithaPUtt.) 

<To  tin  Editor  of  the  Amak  of  Piiiiosopky.) 

SIB,  TMIoiAain,  Zka.  ISBO. 

I  SBJiD  you  ail^wing  (PI.  II.)  of  a  simple  taslrumetit  whtclt 


1  have  Iui4  some  time  in  use  for  determining  tbe  dip  of  stcatar; 
kcoDsiBtfi  cif  fibres  Vuler,  of  12  inches  by  4  ot  an  inch  inbrea4t^ 
alonoe  upon  an  hinge,  and  covering,  when  closed,  an  aroft 
flnwQ  ironi  the  centre ^of  the  hinge,  and  divided  into  90  degreo* 
on  tHe'saiAe  Bide^  aear  one  extremity  of  the  ruler  a  imall  spirit 
level  is  insert^  truly  horizontal,  with  its  edge — the  appuca-' 
tion  -is  pb«iou8.  The  ruler  being  closed,  with  the  level  upper- 
most, is  placed  parallel  to,  or  upon  any  projecting  edge  ot,  the 
strata  to  lie  examined,  and  then  gradually  opened  until  the 
level  becoraes  horizontal ;  ibe  bisection  of  the  arch  near  the 
hinge  of  the  mler  will  give,  the  angle  formed  by  its  two  legs,  and 
consequently  the  inclinatiob  of  the  strata  with  the  horizon. 

I  am,  Sir.Jiiors,  S.P.  Phatt. 

Note. — ^The  simplicity  of  tbii  instrument  appean  Birooriy  lo 
recommend  it.  It  is  made  ma^  kept  for  sue  1^  Mr.  mJn^ 
Poultry.  Ed. 


Articls  VII. 

On  Red  Snovt,    By  Dr.  Henderson. 
(To-the  Editorof  the  Annals  of  Philosophy.) 
JDSARBIB,  ^>ir«m.«<r«fff,  Am.  0,  ISSg. 

Ih  tba  several  accpunta  which  were^gtven  o4  the<rMf  know 
found  in  Baffin's  Bay,  I  do  not  recollect  that  any.otie  bn 
adverted  to  the  fact  of  thfs  phenomenon  being  familiar  to  the 
aniMents.  \yhile  I  was  lately,  turning  over  the  pages  of  the 
fadefatigable  Plioy,  for  a  very  diffetetit  ohject,  I  stnmbled  upon 
*pa88age  (lib.  xi.  c.  35)  where  he  mentions  that  snow  turns  red 
vfi[^—'* ipsa  nix  vetmtate  rubatit'."  Nor  is  the  cause  thuk 
ttni^d  for  the  Ctrfour  byany  lueins  inconsistent  with  tfie  bett 
Ualyses  of  the  red  snow  as  brought  to  this  country  in  a  liqEud 
»hn;  for  it  id  efvtdent  that  if  this  variation  of  the  colour  of  the 
IKHm  on  particular  spota  bi^  the  result  oftfae  formation  of  a  lichen 
y^ysBus  'on its  wirface,  Jt  ^an  only  be  on  the  old  snow  Alt 
•••hvCgetMion'irfllvctur.    I  remkin,  dear' Sir, 

■  Yonnnost  obedient  servant, 

M.  HeH»£b8WII. 
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Article  VIII. 

A  new  Method  of  drawing  a  Tangent  to  the  Circle, 
By  Mr.  William  Hitchie,  AM.  o(  t£e  Academy,  Perth. 

^  (To  the  Editor  of  the  Annah  of  Philosophy.) 

SIR, 
I  HATE  taken  the  liberty  of  sending  you  a  new  method  of 
drawing  a  tangent  to  the  circle  which  appeare  to  me  simj^er 
than  any  of  those  already  known,  and  which  I  hope  will  find  a 
place  in  your  Annab  of  Philoiophy.  For  the  advantage  of  the 
young  geometer,  I  have  accompanied  it  with  the  analysis,  or  the 
mode,  by  which  it  was  discovered.     I  am,  Sir, 

Your  obedient  servant, 

William  Ritchie. 

Anafytii. 

Let  B  F  D  be  the  given  circle,  C 
its  centre,  and  Athe  point,  from  which 
the  tangent  is  to  be  drawn;  and  let 
AFbeuietan^ntrequired.  JoinCF, 
^d  produce  it  till  F  £  be  equal  to 
FC.join  A'E.  ' 

Now  since  the  angle  AFE  is  equal 
to  A  FC,  each  of  them  being  a  tight 
Angle,  and  since  F  £  is  equal  to  FC, 
ana  A  F  common  to  the  two  tri- 
angles A  F  C  and  AFE,  these  tri- 
angles are  equal,  and  consequently  A  E  is  equal  to  A  C,  which 
is  given.  Again  C  E  is  given,  being  equal  to  the  diameter  of 
the  circle  ;  therefore  the  point  E  is  given,  the  line  C  E  and  F 
its  intersection  with  the  circumference,  which  is  the  point 
«equired. 

Composition. 

From  A  with  the  radius  A  C  describe  an  arc,  and  firom  C  with 
*»  radius  equal  to  the  diameter  of  the  circle  describe  another, 
intersecting  the  former  in  E ;  ^oin  C  E  and  F  its  intersectiDa 
with  the  circumference  of  the  circle  will  be  the  pcunt  of  contact 
^required. 

For  C  E  being  equal  to  the  diameter  of  the  circle,  and  C  F 
4he  radius,  F  E  is  equal  to  F  C,  A  C  is  eqwd  to  A  E,  and  A  F 
common  to  the  two  triangles  AFC  and  A  F  E ;  therefore,  these 
triaa^es  are  equal  to  each  other,  and  consequently  the. angle 
A  FK  is  equal  to  the  angle  A  FC:  that  is,  A  F  C  is  a  t^t 
Mutle.  .  Hence  A  F  is  a  tangent  to  the  circle.     ,.. 

,C,ooglc 
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Article  IX. 

On  the  Dry  Hot.     By  Mr.  W.  M.  Dinsdale. 

(To  tlie  Editor  of  the  AnmU  of  Philosophy.)' 

SIB,  Ara„,S5,]Ma. 

Pbsmit  me  to  ask  Bome  of  your  more  scientific  corre|Bpoad* 
cnfs,  "  In  what  light  they  vt£w  the  following  aQuIogous  circum* 
ttaocea  connected  with  the  eubject  of  dry  rot  in  timber,  ai)^ 
"Whether  they  do  not  in  some  measure  consider  them  to  throw.  i» 
ray  of  elucidation  on  that  important  head  1 " 

1.  In  recent  vegetable  juices,  I  think,  we  have  grounds.  (6t 
believing  in  the  existence  of  acetous  acid  as  well  as  its  constl- 
tuepts. 

2.  Casks  used  for  manufacturing  vinegar  soon  decay  if  Qim 
are  not  thoroughly  cleansed  from  the  mother  or  sediment  fonofa 
in  the  operation. 

3.  Baked  wood  is  less  subject  to  dry  rot  than  that  which  U 
nt^aked. 

4.  Tar,  both  of  the  Stockholm  kind,  and  that  which  bad  been 
made  at  the  gunpowder  charcoal  works,  has  been  found  to  r6t 
the  palings  at  Woolwich,  Sec.  in  a  space  of  time  seldom  exceed* 
lag  three  years,  and  frequently  considerably  less,  which  rot  was 
decidedly  attended  by  all  the  appearances  of  dty  rot ;  while  it  i$ 
equally  certain  the  rot  alluded  to  has  never  foUowed  the  use  of 
either  kind,  when  freed  from  its  pyroacetous  acid.     I  am,  Sir, 

Your  obhged  and  obedient  servant, 

W.  M.  DlMSDALE. 

*f*  We  are  in  some  doubt  as  to  the  absolute  correctneH 
of  our  correspondent's  views,  but  as  the  subject  of  the  dry 
rot  is  one  of  great  importance,  we  shall  be  happy  to  insert  any 
hints  which  may  tend  to  elucidate  its  causes,  or  remedy  iU 
ieffectB.— Ed.  '  " 


Article  X. 

0»the  FaU  of  Rain.  '  .;.■.. 

(To  theJEditor  of  the  .^nwafc  o/"  PAiVojopAy.)  '  ;  ;.; 
ai»i  Dtp.  9,;)*». 

The  letter  inserted  in  the  last  volume  of  soar  Annals  of  PM- 
losophy,p.  421,  recalled  my  attention  to  M.  Flauguerges's  paper, 
tefii  more  particufarly  to  «ie  remarlcs  which  he  makes  (Aimab, 
vol.xiv.  pi  U3,  114,)  on  the  relative  quantities.ofrain  which  are 
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received  by  gauges  at  difTercnt  heights  from  the  surface  of  thiB- 
Mrth.  I  (to  not  mean  to  enter  ijito  the  controversy  with  respect 
to  the  direction  of  the  drops  :  this  I  shall  leave  to  Mr.  Meikle 
•nd  his  antagonists,  but  there  is  another  part  of  the  questioa 
which  seems  to  have  been  overlooked,  and  to  which,  therefore, 
I  could  wikb  tecaU  the  attention  of  your  reiid«ra. 

I  Am  persuaded  by  private  observations,  as  well  as  by  those 
nhich  have  been  made  public,  that  the  fact  is  certainly  true  of 
mtire  rain  lafling  near  the  earth's  surface  than  at  aoine  height 
abore  it.  This  seems  to  be  a  paradox,  and  many  Have,  tber«>£ 
tim,  endeavoured  to  explain  it  away,  but  stilt  it  seems  to  me-M 
Bn'kBecessary  consequence  of  the  very  constitutionroftheatmo^' 
sphere.  Clouds  collect  before  rain  falls,  but  this  is  not  in  con* 
lequence  of  ^eir  being  the  only  source  of  moisture,  but  of  th^ 
upper  strata  of  the  air  being  first  affected  by  those  causes 
which  produce  the  rain.  The  quantity  of  rain  is  made  op  of« 
jreneral  dischame  of  water  from  the  air  between  the  earth  and 
ore  region  of  the  clouds.  Hence  the  effects  must  accumolatq 
aa  we  approach  to  the  earth,  and  the  results  which  have  bees 
observed  must  not  be  wholly  attributed  to  the  wind,  or  to  any 
accidental  circumstances  which  may  affect  the  instrumento 
triiich  are  used'  for  6ie  admeasurement.  H. 


Soma  Ohtervatitns  on  Whale  OU.     By  J.  Bostock,  MD.  FRS. 

LS.  and  HS.  MRI.  Mem.  of  the  Med.,  Geol.,  and  Astron. 

Spc.  &c.  &c. 

Ureal  Conmttreet,  Bit.  81,  IHSO.  - 

The  object  of  this  communication  id  to  give  an  account  oT 
some  experiments  in  which  I  was  concerned  that  were  made  ia 
order  to  ascertain  the  changes  that  are  produced  in  oil  by  expos 
ing  it  for  a  length  of  time  to  an  elevated  temperature.*  With- 
out going  into  a  minute  detail  of  the  individual  experiments,  I 
shair  state  some  of  the  most  important  of  the  results,  and  shall 
afterwards  offer  a  few  observations  upon  the  nature  of  the  pro- 
cess and  upon  the  mode  fay  which  the  change  is  effected  The 
quantity  of  oil  operated  upon  was  generally  from  26  to  30  gal- 
lons ;  the  fluid  was  contained  in  a  boiler  tliree  feet  long,  one  loot 
flijtinches  wide,  one  foot  three  inches  deep ;  fire-place  14  inches 
long,  diree  whea  wkle;  the  bus  three  ioches  mm  Om  b«Uoitt 
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dtdtebotltn-.  'de  oil  occupie'd  about  two-thirds  dfthe  vttatA% 
jtliftd  a  concave  bottom,  and  wan  closed  air-ttght,  except  tliat'ft 
babe  of  h^  an  inah  (liameter  wns  inserted  into  ite  *>ppeF  part. 
Vte  Cemneratupe  emptoyed  was  360",  aad  the  oil  was  caFetaHy 
kept  at  ttiat  degree  of  heat  dnring  12  hours  each  daj.  In  dM 
Cerent  trials  the  mocess  was  continued  fat  S3, 23, 2Q,  38^,  b«4 
fi6-day«  reepeetively,  until,  in  one  itmtaocc,  it  was  exbHided'to 
4S'  (kye.  'me  substaHce  employed  was  the  wh&l^  oil  of  eom^ 
■efce^  in  the  state  of  purity  in  whteh  the  article  is  osuafiy  -esfcii* 
Uled  for  sale. 

■.  Wfaentiie  oitwa^examined,  after  haviitg  been  kept  atthe  Abort 
tamperatare  for  the  periods  above  stated,  its  physical  propertMft 
«er»  eoQsiderably  altered,  its  colour  was  neariy  black,  its  emi> 
■atuoee  4ihick  *ni  tenacious,  >  and  its  odoar  empyrentoativ, 
Wh^n  heat  was  applied  to  it  in  this  state,  after  it  had  been 
coined  down  to  the  temperature  of  the  atmosphere,  the  lint 
efiest  was  to-reflder  it  more  fluid  ;  and  at  higher  degrees  «f  heat 
its  consistence  seemed  to  be  considerably  less  than  that  of  receiit 
■ii.  While  the  oil  waft  in  the  boiler,  and  at  the  temperature  of 
snap,  an  intenial  motion  took  place  among  its  part»,  tiiat  seenOtf 
to  arise'  frawi  aome  portion  of  it  being  concerted  to  the  aeriform 
•tate^  and  ewldei^y  condensed :  this  was  indicated  by  a  pecutittr 
•ouiid  emitted  from  the  vessel  analogous  to  the  simmering  sf 
«Uer  befere  it  is  raised  to  the  proper  boiling  point.  It  was 
«bM>r*ed  that  the  simmering,  if  we  may  so  term  it,  diminished 
m  4he  oil  exceeded  the  temperature  of  40U° ;  and  after  it  bsA 
■cotiired  tbe  heatof  abtut  46U''  was  no long«r  heard. 

But  tha  most  material  alteration  in  the  oil  was  ^e  property 
vbich  )l  had  acquired  of  emitting  vapour  when  it  was  subjected 
to  •empereturea  which  would  hav«  had  no  effect  of  this  kind 
«^  recent  oil.  Both  the  quantity  of  the  vapour,  its  chemieal 
«oiapo«lion,.  the  mode  of  its  generation,  and  the  degree  of  the 
tiieratonieter  at  which  it  first  appeared,  were  very  dilFerent  in 
the  dirterent  experiments ;  and  there  does  not  appear  to  be  snfi- 
motdata  for  forming  a  correct  opinion  upon  any  one  of  them 
voioto.  One  of  the  circumstances  which  seemed  the  nwMrt 
nnour^ble  for  its  production  was  the  rapidity  with  which  the 
fluid  passed  through  a  certain  range  of  temperature.  Oil,  fiii" 
«tai»ple,  which  was  steadily  kept  at  360°,  although  it  had 
*oquicedthe  dark  colour,  seemed  to  produce  Uttle  aenform  fluid 
tfaay  kind,  with  perhaps  the  exception  of  a  p<»tion  of  carboiri^ 
uid;  and  there  is  some  reason  to  suppose  that  it  might  bear 
vm  a  higher  temperature,  provided  the  heat  be  cautiouslr 
tpplisd.  Bntif,  on  the  contrary,  the  heat  be  more  rapidly  raised, 
I'Oopious  discbarge  of  an-  aeriform  fluid  takes  place,  which 
BMntiaily  consists  of  inflammable  and  aqueous  vapour  mixed  in 
*Vntble  proportions.  The  total  amount  of  vapour  emitted,  th« 
proportion  c^the  aqueous  to  the  inflammable  part,  and  the  cbe- 
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tqical  nature  of  this  latter,  have  not  been  correctly  ascertained 
iior  is  it  known  whether  any  thing  is  procured  which  is  eotitled 
to  the  technical  appellation  of  gas.  It  may,  howerer,  be  stated 
generally,  that  the  quantity  of  vs^ur  is  large,  that  the  propor- 
tion of  the  ingredients  vary  in  diflerent  parts  of  the  same  expeii- 
nient,  and  uiat  the  aqueous  is  more  condensable  than  the 
inflammable  part.  This  appeared  by  bringing  a  cold  body  itk 
contact  with  the  vapour,  and  the  condensation  frequently  was 
observed  to  take  place  merely  by  the  ordinary  temperature  of 
the  atmosphere :  in  this  case  the  inflammable  part  was  lefl  in  a 
highly  combustible  state.  The  difficulty  with  which  this  inflam- 
mSsle  vapour  is  condensed  was  strikingly  illustrated  by  one 
eipennient,  in  which  the  oil  vapour  was  passed  through  a  worn 
tube  of  23  feet  in  lene;th :  by  this  means  the  aqueous  part  wa* 
entirely  removed,  ana  the  residue  burned  with  a  continuous 
blight  flame-  The  water  collected  in  this  case  was  strong^ 
acidulous,  in  consequence,  as  it  appeared,  of  the  copious  gene- 
ration of  acetic  acid. 

In  most  of  the  experiments  the  .emission  of  iuflammahla 
vapour  was  scarcely  perceptible  below  a  temperature  of  400*  i 
but  in  one  instance,  where  the  oil,  afler  having  been  in  the 
boiler  for  55  days,  was  suffered  to  coot  to  the  temperature  of  the 
atmosphere,  and  then  heated  by  a  brisk  fire,  aquantity  of  vapour 
was  generated  below  210°  (the  degree  at  which  the  graduation 
of  the  thermometer  commenced),  which,  by  the  ap[Micatiou  of 
a  lighted  taper,  exploded  witJi  some  violence.  Speaking  from 
general  observation  it  would  seem  that  when  the  temperature  of 
ttie  oil  is  raised  to  about  420°  or  430°,  the  proportion  of  the 
inflammable  to  the  aqueous  vapour  is  more  considerable.  If  the 
.temperature  be  further  raised  to  about  480*^,  the  proportion  of 
i^e  aqueous  vapour  is  increased  ;  while  at  a  still  higher  tempera^ 
inte,  above  50U°,  the  infiammable  vapour  again  predominatea. 
With  respect  to  the  phenomena  which  the  mixed  vapour  exhibits 
during  combustion,  it  may  be  remarked  that  its  inflammation  is 
jiot  attended  with  detonation  ;  when  the  aqueous  part  prevails, 
the  flame  is  quickly  extinguished;  but  that  in  proportion  as  it  is 
freed  from  the  aqueous  vapour,  it  bums  with  a  consideraUy  detu*. 
and  brilliant  flame. 

Another  effect  which  appeared  to  result  from  the  long  contU 
oued  application  of  beat  was,  that  the  oil  had  its  boihng  point 
lowered,  or,  to  speak  more  correctly,  that  below  the  temperature  ' 
which  is  generaUy  regarded  as. the  boiling  point  of  recent  oi], 
the  heated  oil  was  rapidly  converted  into  an  ioflammabU 
Tapour,  but  of  a  different  kind  from  that  procured  at  lower  tem- 

Eeratures;  the  vapour  procured  fcpm  the  boiling  oil  containing 
;ss  water,  and  having  a  highly  offensive  and  most  |>enetratipig 
odour;  whereas  the  former  vapour  had  comparatively  littls 
jimel],  and  (hat  not  peculiarly  disagreeable.  ,  Che  change  to 
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Irhich  I  now  zefer,  generaUy  took  place  at  about  dSO*:*  it 
appeared  to  consist  in  the  vaporization  of  the  residual  6uid  in 
tne  boiler ;  but  it  was  not  stiictly  entitled  to  the  appellation  of 
boiling,  because  it  does  not  appear  thatby  condensing  tbe  v^tour, 
,  a  fluid  could  be  reproduced  similar  to  that  from  which  it  wag 
procured. 

The  above  obBervations  are  to  be  regarded  as  matters  offset, 
independent  of  hypothesis;  but  It  is  impossible  to  contemplate 
the  phenomena  without  speculating  upon  the  changes  which  the 
oil  may  be  si^posed  to  have  undergone  by  the  loog  continued 
action  of  heat  upon  it.  We  may  conceive  that  during  tliis  ope- 
nition  the  elements  of  the  oil  act  upon  each  other,  and  that  the 
fluid  is  converted  into  an  heterogeneous  compound;  that  the 
first  new  product  is  a  substance  containing  a  larger  proportion 
of  hydrogen,  and  constituting  a  hi^ty  volatile  oil,  capable  of 
being  brought  to  the  aetiform  state  oy  a  comparatively  low 
temperature.  The  next  accession  of  heat  seems  to  be  attended 
with  the  production  of  water,  which  is  emitted  along  with  the 
vapour  of  the  volatile  oil ;  while  at  length,  by  a  further  increase 
of  temperature,  the  substance  remaining  iQ>  the  boiler,  now 
deprived  of  a  considerable  proportion  of  its  oxygen  and  hydrO' 
gen,  gives  rise  to  a  highly  inflammable  pungent  vapour,  compB- 
ratively  free  from  water,  but  accompanied  by  a  coniiderable 
proportion  of  acid.  Although  the  experiments  seem,  to  prove 
that  at  least  a  small  quantity  of  the  volatile  oil  ia  capable  of  beiiig 
generated  at  the  temperature  of  360°,  yet  it  is  probable  that  tts 
chief  effect  of  this  temperature  is  to  produce  a  change  in  the  - 
oil,  which  may  dispose  it  to  the  production  of  the  volatile  mat- 
ter at  a  somewhat  greater  heat,  the  mode  ia  which  the  heat  ia 
applied  being,  to  a  certain  extent,  more  important  than  tbe 
actual  degree  to  which  it  is  carried. 

It  is  unnecessary  to  remark  that  the  facts  which  have  been 
ol»erved,  although,  as  I  conceive,  new  and  importaot,  are  to  be 
considered  as  constituting  only  the  first  step  of  an  investigation^ 
which  will  probably  lead  to  many  curious  results.  In  what 
degree  the  phenomemi  depend  upon  any  thing  peculiar  in  the 
nature  of  woale  oil  in  its  ordinary  state  of  punty,  or  upon  an^ 
heterogeneous  substance  contained  in  it,  Is  tne  first  point  that  it 
will  be  desirable  to  ascertain.  In  the  next  place  it  will  ha 
in^itant  to  watch  the  gradual  progression  by  which  the  oil  has 
its  physical  and  cheoiical  properties  so  much  changed,  and  to 
discover  at  what  degree,  or  auer  what  period  of  time,  the  maxi- 

■  Id  eae  of  oar  exparimmii  >  ipeciei  of  ebnilitian  occmni  d  a  'modi  tmra  tent* 
{icntiue,  about  460°,  the  floid  beuig  violcniljr  pntjactad  in  ooniidetabb  )en  turn  ths 
Tcnt  pipe  to  tha  hdght  of  nine  fc«t  at  more,  when  tbe  nufwe  of  the  oil  <ru  about  firs 
Enche*  bdow  die  tma  of  tbe  boUer,  nod  the  Mifice  of  the  vent  pipe  tcreired  tato  it. 
We  wen,  bcmerei,  iudnced  to  i^ud  thi*  w  not  the  nailt  of  tbe  ti^  vdatilintiaD 
of  ibt  entin  flnid,  but  u  depcnduig  upon  tbe  more  voUdle  pitt  of  it  bcdos  luddeol^ 

led  into  T^onr,  which,  intinutely  miiing  with  the  riaod  mut,  fbrcea  •  pwtiDa 

It  of  lb*  tu 


Nne  Series,  vol.i. 


Dii-raM,,  Google 


SD  Dr.  ForclAamTner  oh  pure  Saks  of  Manganese,    [Jfttf. 

loam  of  effbct  takes  phce,  or  whether  indeed  there  be  any  teifti 
ofCtdB  kind.  It  will  be  next  desirable  to  leam  whatis  theloweet 
letnperature  at  which  the  Tolattte  oil  and  the  water  are  respect- 
iTely  generated,  and  to  examine  at  different  temperatures,  and  at 
"difierenf  periods  of  time,  the  proportion  which  these  sabstances 
bear  to  each  other.  It  will  likewise  become  a  very  curious 
'BrAnect  of  investigation  to  leam  with  more  accuracy  me  nature 
■and  properties  oi  the  inflammable  vapour,  whether  it  consi^, 
merely  of  the  volatile  oil  in  a  vaporized  state,  or  of  this  mixei 
-%t^  some  permanent  gas;' if  so,  whether  the  gas  resemble  an* 
'VjiedeB  of  carburettednydrogenwilii  which  we  were  previouel; 
'Acqaainted.  Lasdy,  we  must  investigate  the  nature  of  the  vola 
lile  oil,  when  obtained  in  a  separate  state  by  distillation,  ant 
^0  that  of  the  acid  generated  in  the  latter  part  of  the  opera- 
tion,  whether  it  be  actuaUy  the  acetic  acid,  or  in  what  respe^l 
itdmera  from  this  acid  as  obtamed  l^the  ordinary  procesees. 


Artkle  xn. 

■On  the  Preparatimi  of  pure  Salti  of  Maxganete,  €md  on  th 
Compotition  qfits  Oxides.    By  G.  Forchhamnier,  Ph.  B. 

The  principal  ore  of  manganese  wrought  for  the  prepavataoi 
■  of  chtonne  is  the  common  grey  ore  of  this  metal,  orthe  peroxide. 
1  have  tried  several  of  the  ores  Which  occur  in  Germany  in  vein 
and  beds  in  a  porphyry  belonging  to  the  first  secondary 
.sandstone,  and  lound  them  dl  coataining  some  copper,  v 
■very  sm^  quantity,  excepting  of  course  the  complete  crystdl 
vf  it  which  are  generally  free  from  this  admixture.  It  appeal 
that  the  Devonshire  ore  is  found  in  the  same  geognostic  positio 
usthose  above-mentioned;  and  I  found  this Tifeewise  contatnin 
some  traces  of  copper,  which,  though  the  combinatiou  does  nc 
learthe  Character  ofa chemical  compound,  is  a  strikinginstanbe 
Of  the  similarity  in  the  formation  of  the  same  mineral  in  fer  dis- 
tant -countries.  Besides  copper,  iron  always  is  present,  and 
a  small  quantity  of  barytes,  and  even  of  lead,  occur  very 
jjfien.  Iron,  however,  is  an  admixture,  the  separation  of  vdiich 
"has  generally  been  the  most  attended  to;  and  many  chemists 
'have  attempted  to  remove  it  by  simple  processes.  Tliere  is  no 
doiibt-thet  the  benzoate  and  succinate  of  any  alkali  will  throw 
down^l  the  deutoxide  of  iron  ;  but  if  there  is  protoxide,  it  may 
-«<c«]te  to  a?ceitain<degree,and  then  these  salts  are  so  expensive 
^tf'ftTprepfuing  a  quantity  of  the  pure  oxide  of  manganese,  it 
would  be  desirable  to  find  another  process.  The  method  I 
made  use  of  is  the  foUowine :  I  prepared  in  the  common  way 
"Sulphate  of  manganese  by  neating  equal  parts  of  peroxide'  of 
'manganese  with  sulphuric  acid,  only  taking  care  to  keep  it  il 
the    6k   DDtil  vapour  of  sulphuric  acid  ceased  to   appeasi 
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bv  UteM  tneaQB  the  biBdpb«te  of  pttotmaiie  oad:  &«  nri> 
pB«te  of  deatoxide  are  decomposed,  and  ooaverted  into  Bulphfite 
of  protoxide.  The  solution,  which  of  course  oould  t^ntain 
neither  baiytes  nor  lead,  whatever  quftntity  of  them  there  might 
be  in  the  ore,  contaijas  only  the  sulpluttes  of  manganese,  iron,  aad 
copper.  Id  order  to  remove  the  two  latter  metals,  I  poured 
successively  into  the  boIu^oq  of  tli«  maogaoese  a  solation  »t 
hydros nlt^uret  of  ammonia,  which  first  precipitates  t^  copper 
of  a  black  colour,  then  the  iron  likewise  black,  and  at  last  1^ 
manganese  of  a  white  colour.  When  the  colour  of  the  precipi- 
-tate  tarns  grey,  I  heat  the  liquoT  to  (he  boiliag  point,  and  then 
^ow  it  to  remain  undisturbed  for  the  purpose  of  trying  it  witli 
tests. 

The  pnissiate  of  potash  is  sufficient  for  that  purpose,  which 
precipitates  the  salts  of  pure  manganese  of  a  white  colour;  die 
slightest  trace  of  iron  is  directly  shown  by  a  blue  colour,  and 
copper  by  red. 

lae  crystab  of  sulphate  ofmangtmese  which  I -made  ase  of  for 
the  analysis  were  made  in  a  ditierent  way  to  avoid  the  presence 
of  miy  alkali.  Through  the  impme  sulpbtmc  solution  of  maiiga> 
nese,  I  passed  sidphuretted  hydrogen  to  remove  the  copper,  aad 
thea  concentrated  it  by  evaporation  until  it  became  a  very  strong 
solution,  whidh,  however,  aid  not  crystallize  when  cold.  SpiHt 
of  wine  containing  80  to  90  per  cent,  of  alcohol  divides  the 
Bdlation  into  two  parts,  the  lower  of  n'hidi  soon  deposits  oiys- 
fftk  of  sulphate  of  manganese,  <rf^n  ^entirely  free  from  iron,  bat 
sometimes  tbey  contain  a  very  slight  portion  of  it. 

From  the  pure  sulphate  of  man^nese  above-mentioned,  I 
obtained  by  carbonate  of  potash  the  carbonate  of  manganese, 
which  yielded  me  all  the  different  oxides. 

I  tried  often  to  prepare  the  pure  metal  from  oae  of  tliese 
oxides,  but  1  never  could  succeed.  I  exposed  it,  with  charcoal, 
to  the  heat  of  a  furnace,  in  the  china  manufectory  in  Copen- 
hagen, where  iron  melts  very  easily ;  but  though  the  oxide  was 
reduced,  and  the  powder  in  the  crucible  dissolved  in  acids,  with 
the  evolution  of  much  hydrogen,  it  was  not  melted ;  and  whe- 
ther it  was  mett^,  or  an  oside  containing  less  oxygen  than  ^te 
protoxide,  I  was  not  able  to  ascertain.  In  another  experiment, 
when  1  exposed  it  to  the  heat  of  a  la:^anchor-lbrge,robtEuned 
small  grains. 

On  the  Protoxide. 

I  found  it  rather  difficult  to  obtain  a  protoxide  comjdetely  free 
from  all  deutoxide.  llie  usual  way,  by  heating  carbonate  of 
manganese  in  a  retort  full  of  carbonic  acid,  did  not  appear  to 
me  very  accurate,  as  I  never  was  able  to  obtain  a  carbomtte  of 
protoxide  of  manganeae  coiupletely  free  from  all  deutoxide.  AD 
the  sdnttons  of  protoxide,  if  riiey  have  been  expoaed  to  &s  tir, 
P. 2 
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contiin  a  flmall  quantity  of  deutoxide  which  occaaionB  their  red- 
dish  colour,  and  the  carbonate  being  obtained  from  them  of 
course  contains  the  same.  That  the  red  colour  of  the  solutions 
of  manganese  depends  upon  the  presence  of  deutoxide,  I  bad 
an  opportunity  of  observing  in  the  following  way  : 

In  mv  paper  on  Uie  Acids  of  Mangfuiese,  I  have  mentioned 
the  moae  in  which  I  decomposed  the  brown  compound  of  lead, 
manganese,  and  oxygen,  by  bisulphate  of  potasn ;  and  I  made 
ose  of  the  same  method  for  ascertaining  the  quantity  of  oxygen 
combined  with  protoxide  in  the  deutoxide  and  peroxide.  I 
found  that  when  the  greater  part  of  the  oxygen  was  expelled  by 
the  combined  action  of  heat  and  the  bisulphate  of  potash,  the 
powder  was  entirely  dissolved,  and  formed  a  beautiful  trans  parent 
amethystine  coloured  solution,  which  still  yielded  oxygen,  and 
became  of  a  pink  colour.  The  expulsion  of  oxygen  did  not 
cease  until  the  melted  salt  in  the  retort  was  entirely  colourless, 
and  it  remained  so  when  cold.  A  solution  of  it  in  water  was 
colourless,  but,  when  exposed  to  the  air,  it  soon  acquired  the 
slight  pink  colour,  which  is  characteristic  of  all  the  salts  of  man- 
ganese. This  experiment  proves  obviously  that  the  colour 
depends  uponthe  surplus  ofoxygen  combined  with  the  protoxide, 
or  that  all  these  pink-coloured  solutions  and  salts  cont^n  both 
protoxide  and  deutoxide  j  the  latter,  however,  only  in  very  small 
quantity. 

The  way  I  proceeded  in  order  to  obtain  pure  protoxide  was 
this :  1  filled  a  glass  tube,  open  at  both  ends,  with  deutoxide, 
and  heated  it  over  a  lamp  while  I  passed  hydrogen  gas  through 
it.  The  brown  powder  soon  changed  to  a  light  y^ow,  which 
colour,  while  the  powder  was  cooling,  became  white,  and 
the  cold  oxide  was  of  a  beautiful  light-green.  This  colour, 
however,  changed  in  the  air;  for  while  I  was  taking  the  open 
tube  to  a  pair  of  scales  in  another  room,  it  evidendy  attracted 
oxygen,  and  its  colour  changed  into  greyish-green ;  and  when 
converted  by  combustion  again  into  deutoxide,  it  gained  five 
per  cent. 

There  is  not  any  reason  to  induce  us  to  suppose  that  in  this 
case  the  protoxide  had  been  reduced  to  suboxide  by  the  action 
of  hydrogen,  for  the  heat  was  very  gentle,  and  from  the  power 
with  which  the  metal  decomposes  -water  even  in  the  common 
temperature  of  the  atmosphere,  we  scarcely  can  expect  that  in 
eo  slight  a  heat,  hydrogen  should  deprive  the  protoxide  of  a  part 
of  its  oxygen. 

To  ascertain  the  quantity  of  oxygen  in  the  protoxide,  I  ana- 
lyzed the  sulphate  and  carbonate. 

I  heated  a  certain  quantity  of  sulphate  of  numganese  to  red- 
ness, then  dissolved  it,  and  precipitated  the  suloburio  acid  by 
nitrate  of  barytes.  Five  grammes  of  perfectly  ory  sulphate  of 
mangaoMe  gave  me  7-913  grammea  of  sulphate  of  barytet, 
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which  are  equivalent  to  2-7181  grammes  of  sulphuric  acid,  allow- 
in?  that  100  parts  sulphate  of  barytea  contain '34'35  parts  of 
smphuric  acid.  i 

One  hundred  parts  of  sulphate  of  manganeae  consist,  there- 
fore, of 

Sulphuric  acid 54-378 

Protoxide  of  manganese 45*622 

100-eOO 

Une  hundred  parts  of  protoxide  of  manganese  combine  with 
119*192  parts  of  sulphuric  acid,  which  contain  71*6155  parts  of 
oxygen,  and  thus  we  find  the  protoxide  of  manganese  consist- 
ing of 

Oxygen 23-8385 

Manganese 76*1615 

100-0000 

Or  100  parts  of  manganese  combine  with  31-29  purts  of  oi^gim 
to  form  the  protoxide. 

In  another  experiment,  where  I  had  reason  to  suspect  that  the 
heated  sulphate  of  manganese  had  a^in  attracted  some  water, 
I  obtained  7-731  grammes  sulphate  ofbarytes  from  five  grammes 
of  sulphate  of  manganese.  After  having  precipitated  all  the 
excess  of  barytea  in  the  scdution,  I  threw  down  Uie  manganese 
by  carbonate  of  potash,  and  having  converted  it  into  deutoxide 
by  .exposing  it  to  a  red  heat  in  an  open  vessel,  the  .quantity  \ 
obtained  was  2-480  grms.  I  shall  be  able  hereafter  to  prove, 
that  the  deutoxide  consists  of  92-4342  parts  of  protoxide  and 
7-5658  parts  of  oxygen :  2-480  grms.  of  deutoxide  consist,  there- 
fore,  of 

Oxygen 0*18764 

Protoxide 2-29236 

The  sulphate  of  barytes  obtained  indicates  26555  grms.  sul- 
phuric acid,  which  combine  with  2-29236  parts  of  sulphuric 
acid. 

One  hundred  parts  of  protoxide  of  manganese,  according  to 
this  experiment,  would  combine  with  115*90  of  sulphuric  acid; 
and  they,  therefore,  would  consist  of 

,    ,  Oxygen 23-18 

Manganese % 76*82 

Or  100  parts  of  manganese  combine  with  30-18  parts  of  oxygen 
to  form  the  protoxide. 

I  severalumesheatedthe  deutoxide  withaulphuric  acid;  and  by 
thequantityofsulphateofmanganesethusobtamed,  I  endeavoured 
to  iind  the  quantity  of  sulphuric  acid,  but  the  vapours  of  this 
acid  always  carried  off  some  sulphate  of  manganese,  which  was 
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agf^D  deposited  on  the  cover  of  Ute  crucible,  and  partly  lott. 
"^e  smaijieat  qoaotity  of  sulphuric  acid  which,  id  that  way,  t 
found  combined  witn  100  parts  of  protoxide,  was  113  parta^ 
which  indicates  29'19  parts  of  oxygen  as  combined  with  100 
parts  ofmaoganese  in  the  protoxide.  Berzelius  finds  only  28*  10> 
which  certainly  is  too  little. 

From  the  purest  sulphate  of  manganese,  I  prepared  carbonate 
of  manganese,  avoidmg  oxidation  as  much  as  possible ;  live 
grammes  exposed  during  a  long  time  to  a  red  heat  in  an  open 
vesBel  yielded  2-803  parts  of  deutoxide  =  2-68775  protoxide. 

Two  decigrammeB  of  the  carbonate  yielded  by  muriatic  acid 
in  a  tube  With  mercury  2-176  French  cubical  inches  of  carbonic 
acid,  l^e  weight  of  the  Carbonic  acid  at  a  medium  temperature 
and  pressure  is  0-0661  grm.  and  the  salt  contains  33"05  per 
cent,  of  carbonic  acid :  33-06  parts  of  carbonic  acid  contain 
24-036  parts  of  oxygen;  and",  therefore;  the  2-5877S  pans  of 
'  protoxide  of  manganese  contain  0-6009  part  of  oxygen. 

One  hundreii  parts  of  protoxide  contain,  according  to  this 
ezpencaent. 

Oxygen 23-22 

Manganese 76-78 

100-00 

Oi,  100  parts  of  manganese  condoioe  with  30-24  parts  of  oxygea, 

The  cdn^msttioD  of  the  artificial  cnrbooste  of  Biangaiiese  m^ 

Aerefore, 


manganese 


1  atom  of  protoxide.. ..  Sl'TSS-j.n.j 

1  atom  of  carbomc  acid.  33-06,  {2t^tt"^'n 

1"- "'-'»'• "■^2o{i^:»|^j:y*^» 


There  was  a  loss  of  1  "675,  which  I  imagine  consisted  of  watef 
W>1  chemically  combined  with  the  salt.  *" 

Ci:.  John,  of  Berlin,  from  ISO  grammes  of  crystallized  sulphate 
of  manganese  obtained  148-6  gfms.  of  siil|Aate  of  bawtes,  and 
83-25  carbonate  of  manganese,  which,  when  calculated  after  my 
analyses  of  the  carbonate,  indicates  100  parts  of  protoxide  and 
118-43  parts  of  sulphuric  acid,  and  100  parts  of  manganese 
combined  with  31-03  oxygen,  to  form  the  protoxide.  It  seems, 
therefore,  as  if  some  number  between  30-18  and  31-29  is  the 
true  number  for  the  oxygen  combined  with  100  manganese  in 
tile  protoxide. 

0"  Oie  Deutoxide. 

The  colour  of  the  deutoxide  is  brown,  resembling  that  cf_ 
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4etitdxids  ofiron,  but  rather  darker.     It  19  soluble  in  Bome  adds. 
Muriaiic  acid  dissolves  it  when  at  about  42°  Fahrenhert.    Tt  ts 
necessary  that  the  muriatic  acid  should  be  very  strong,  and  ths 
deutoside  of  manganese  added  in  small  (quantities  at  a  time,  ta 
order  to  avoid  increasing  the  heat  of  the  liquid,    llius  a  dait:- 
brown  solution  is  obtained,  which,  in  a  temperature  below  41* 
Fahrenheit,  may  be  kept  a  few  days  unaltered ;  but  when  exposed 
to  the  sunbeams,  or  to  auy  increase  of  temperature,  chlonne  is 
evolved,  and  muriate  of  protoxide  formed.  In  iho 
I  succeeded  in  chat^ng  the  concentrated  muriat 
coD^derable  quantity  of  oxide  of  manganese,  t1 
seemed  to  me  to  be  such  that  when  I  destroyed 
by  heat,  I  obtained  chlorine  and  neutral  muriate 
the  experiments,  however,  on  which  I  found  tha 
not  very  accurate.    When  the  muriatic  solution  is 
large  quantity  of  water,  a  mixture  of  deutoxide  a 
thrown  down,  and  muriate  of  protoxide  remains,  dissolved.    'Tii9 
moriatic  solution  of  deutoxide,  even  when  no  clilorine  oan.  ba 
discovered  by  the  smell,  acts  nearly  in  the  same  way  as  au 
aqueous  solution  ofchlorine,  metals  are  instantly  dissolved,  and 
an  adequate  portion  of  deutoxide  brought  to  the  stats  of  protox- 
ide.   Tartaric  acid,  when  thrown  into  uicli  a  sohrtian,  instantly 
emits  carbonic  acid  gas  ;  and  sulphurous  acid  and  sulphuretted 
hydrogen,  when  in  contact  with  it,  instantly  form  sulphnric 
^d. 

The  sulphuric  acid  acts  nearly  in  the  &ame  woj  9s  tlie  muriatio 
acid,  and  the  sulphuric  solution  of  deutoxide  has  &e  same 
properties  with  respect  to  metals  and  vegetable  substances  as  tha 
muriatic  solution,  which  induced  Mr.  Giobert,  about  30  years 
ago,  to  believe  in  the  existence  of  an.  oxygenated  sulphuric  aoid. 
Sulphuric  acid,  when  much  diluted,  decomposes  the  deutoxide 
and  forms  peroxide  and  sulphate  of  protoxide.  I  never  could 
obtain  a  nitric  solution  of  deutoxide,  but  always  procured  nitrate 
of  protoxide  and  peroxide. 

It  is  a  curious  fact  that  the  existence  of  this  deutoxide  has 
been  very  often  denied,  though  it  is  of  all  the  different  oxideg 
of  manganese,  the  only  one  which  is  easily  obtained  in  its  piiiQ 
state.  As  the  quantity  of  oxygen  found  in  this  oxide  seemed  not 
to  agree  with  the  rules  laid  down  for  the  relation  of  the  oxygen 
of  the  different  oxides,  it  was,  in  contiadiction  to  all  its  proper- 
ties, supposed  to  be  a  compound  of  two  oxides ;  viz.  of  the  ptotr 
oxide,  and  a  deutoxide  wnich  does  not  exist.  This  oxide  U| 
formed  by  the  combustion  of  the  protoxide  of  manganese  inth* 
oxygen  of  atmospheric  air,  as  was  observed  by  Scheele,  When  ■ 
pure  protoxide  is  heated  in  the  air  between  the  boiling  point 
of  water  and  that  of  mercury,  it  suddenly  begins  to  take  fire, 
and  turns  slowly  with  a  reddish  light.  This  only  takes  plftc« 
when  the  protoxide  does  not  contain  carbonic  acid.  The  cafi- 
boqate,  vatia  heated  to  the  fiame  temperature,  and  under  th« 
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«4iD9  circamBtaoceB,  is  conTerted  into  peroxide  without  any 
TuiUa  fire.  I  believe  tiie  single  circumstODce  that  the  brown 
deutoxide  is  the  result  of  combustion  without  the  interference  of 
any  other  substance  is  sufficient  to  prove  it  to  be  a  real  oxide, 
and  not  a  compound  of  two  diflferent  oxides.  It  would  be  suffi- 
cient in  my  opinion  even  if  the  quantity  of  oxygen  found  in  thia 
deutoxide  did  not  at  all  agree  with  that  of  any  of  ihe  other 
oxides.     I  shall  prove,  however,  that  it  does  agree. 

The  quantity  of  oxygen  in  the  different  oxides  of  manganesa 
has  generally  been  ascertained  by  synthesis,  and  the  results 
have  oeen  very  different  indeed.  I  tned  the  analytical  method, 
and  at  least  found  the  results  consistent  with  each  other,  though 
differing  from  those  of  other  chemists.  I  have  already  described 
the  manner  in  which  I  conducted  the  experiment  with  bisulphate 
of  potash ;  I  shall,  tfierefore,  here  only  mention  the  result. 

Two  grammes  of  brown  deutoxide  gave  me  a  bulk  of  oxygen, 
which,  reduced  to  the  mean  temperature  and  pressure  of  air,  is 
equal  to  6-3243  French  cubic  inches  of  oxygen,  whose  weight  is 
0^51316603  gramme,  and  100  parts  of  deutoxide  consist  of 

Oxygen  .  ..,« 7*5658 

Protoxide  of  manganess . , 92-4342 

JOO-0000 

92-4342  parts  of  protoxide  contain  70-403  parts  of  metal  and 
!!2'0312  parts  of  oxygen;  and  it  is  obvious  that  22-0312  bears 
▼eiy  near  the  same  proportion  to  (22-0312  +  7-5658)  ;=  29-697 
as  3  : 4,  which  expresses  the  relative  quantities  of  oxygen  in  ths 
protoxide  and  deutoxide. 

The  composition  of  ths  deutoxide  is : 

Oxygen 29-597 

Manganese , 70-403 


One  hundred  parts  of  manganese  combine  with  42-040  parts 
«f  o^gen  in  order  to  form  deutoxide. 

On  the  Peroxide. 
When  the  deutoxide  of  manganese  is  boiled  with  pure  weak 
nitric  acid,  a  part  of  the  oxygen  is  accumulated  in  one  part  of 
flie  manganese,  while  the  rest  reduced  to  protoxide  is  dissolved. 
"Die  peroxide  thus  obtained  is  black :  it  is  insoluble  in  acids  and 
alkahes.  Acids  have  no  effect  whatsoever  on  it,  unless  they  are 
capable  of  depriving  it  of  a  part  of  its  oxygen.  Alkalies,  when 
heated  slightly  with  it,  accumulate  the  oxygen  in  one  part,  aud 
dissolve  the  manganeseous  acid  thus  formed ;  while  the  other 
pftrt  reduced  to  deutoxide  remains  undissolved.  This  artificial 
peroxide  is  a  conductor  of  electricity,  and  acts  in  a  galvanie 
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pile  nearly  in  the  same  way  as  the  grey  ore  of  manganese, 
which,  when  perfectly  pare,  is  in  its  chemical  properties  exactly 
similar  to  it.  The  peroxide  which  I  obtained  by  the  exposure 
of  carbonate  of  manganese  to  the  tur  at  a  temperature  of  about 
600°  Fahrenheit  seemed  to  be  exactly  the  same,  when  purified  by 
weak  cold  muriatic  acid,  which  only  serves  to  dissolve  the  car- 
bonate that  might  have  escaped  the  action  of  the  heat  and  air. 

Ten  grammes  ot  deutoxide,  when  boiled  with  nitric  acid,  gave 
4'793  of  peroxide,  which  contained  a  considerable  quanti^  of 
water;  two  grammes,  in  another  experiment,  gave  0*935;  and 
one  gramme  of  the  first  hyperoxide  gave,  after  a  long  exposure 
to  a  red-heat,  0'71  of  brown  deutoxide  ;  4*793  would,  therefore, 
have  yielded  3'40303,  which  consist  of  0*258466  oxygen  and 
3*144564  peroxide  of  manganese ;  but  as  10  grammes  of  deut- 
oxide lose  0*75658  gramme  of  oxygen  when  reduced  to  prot- 
oxide, this  oxygen  must  he  combined  with  3-14466  gnns.  of 
protoxide,  in  order  to  form  peroxide :  3*14456  grms.  protoxide 
contain  0*74862  grm,  of  oxygen,  and  then  take  up  0"75658  gna. 
of  oxyeen  to  form  peroxide.  It  is  obvious,  therefore,  that  the 
peroxide  contains  twice  as  much  oxygen  as  the  protoxide,  and 
it  is  likewise  obvious  that  the  peroxide  which  I  made  use  of  for 
the  analysis  contained  a  small  quantity  of  deutoxide,  and  that  in- 
stead of  3*40303  grms.  of  deutoxide  ootainedfrom  the  peroxide, 
I  ought  only  to  have  got  3*3333  grms. 

The  composition  of  the  peroxide  is,  therefore, 

Ox^en 36*351 

Manganese 63-749 

100*000 

and  ttie  artificial  peroxide  is  a  hydrate  consisting  of 

Oxygen 16 

Manganese 30 

Water 9 

Theanalvsis  by  bisulphate  of  potash  gave  a  result  which  differs 
somewhat  from  the  above-mentioned :  for  one  gramme  yielded 
five  French  cubic  inches,  equal  to  0*1421  gramme  of  oxygen; 
while  I  ought  to  have  got  0*1579;  and  1  know  of  no  other  way 
to  account  for  it  than  by  the  loss  necessarily  produced  by  some 
fibres  of  the  paper  on  which  the  peroxide  was  collected.  The 
peroxide  adheres  very  much  to  the  filtering  paper,  and  cannot  be 
removed  without  difficulty  ;  and  any  combustible  matter  intro- 
duced into  the  retort  with  the  oxide  of  manganese  wotdd  of 
com-se  produce  a  great  loss  of  oxygen. 

TTiere  is  a  kind  of  oxide  produced  by  the  action  of  moderate 
heat  on  the  nitrate  of  manganese,  its  colour  is  blackish-brown, 
it  dissolves  in  strong  munatic  acid  with  sonw  efleivescence. 
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BerzeUiu  takes  it  for  the  raal  deutoxide ;  but  if  we  compare  the 
very  compound  action  of  nitric  acid  witli  the  simple  effect  of 
combustion  in  atmospheric  air,  there  scarcely  can  remain  any 
doubt,  that  not  this,  but  the  first  meotioned  is  the  real  deutoxide. 
Two  grammes  were  bv  a  strong  red-heat  reduced  to  browoi 
deutoxide,  and  lost  by  tiiat  0-061  gna.  This  oxide,  therefore, 
consists  of 

0„.  .torn  of  peroxide  .  22-323  {  ^^f^l  "^S^^ 
One  atom  of  deutoxide  77'677 
100-000 


Article  XIII. 

Analyses  of  Books. 
Pkarmacapcda  CoUegii  Medicorum  Edmburgtnsie,    1817. 

Although  this  edition  of  the  Ediaburgh  Pharmacopoeia  has 
been  published  for  more  than  three  years,  yet  I  have  been  pre- 
Tented  by  various  causes  friMa  offering  the  observatifHis  and 
experiments  which  I  have  made  respecting  it,  until  it  may  appeas 
quite  out  of  date  to  nodce  it  at  all. 

I  am  perfectly  aware  of  the  distioguished  stations  in  science 
>vhich  many  of  the  Fellows  of  the  Edinburgh  College  occupy  ; 
^nd  it  is  requisite  only  to  remind  the  reader  that  Dr.  Hope  is  uie 
President,  and  Dr.  Duncan,  jun.  one  of  its  Fellows,  to  render  it 
.certain  that  no  work  of  this  nature  can  have  appeared  without 
liaving  excited  and  ensured  their  unremitting  attention. 

The  remarks  which  I  now  propose  to  offer  upon  this  work  will 
lie  principally  confined  to  the  chemical  part  of  it,  occasionidty 
making  observations  upon  the  nomenclature ;  but  the  points  of 
fuinor  importance,  such  as  the  arrangement  and  the  regulations 
adopted  as  to  weights,  I  shall  leave  untouched. 
.  Ine  preparation  which  I  shall  first  notice  is  termed  acidum 
tceticumforte ;  it  is  prepared  by  distilling  a  mixture  of  12  parts 
pf  sulphate  of  iron,  which  has  been  dried  to  whiteness,  with 
10  parts  of  acetate  of  lead  in  a  glass  retort. 

The  first  ohjectioit  which  I  snail  state  to  this  process  is,  that 
the  quanUties  of  the  salts  employed  are  not  such  as  are  required 
for  matual  decomposition.  Ten  parts  of  acetate  of  lead  require 
only  about  7*5  parts  even  of  crystallized  sulphate  of  iron  for 
Hieir  decomposition,  and  of  this  quantity  nearly  3*5  are  water; 
admitting  that  only  three-fourths  of  this  proportion  of  water  are 
dissipated  by  drying,  the  12  parts  of  dried  sulphate  of  iron  will 
be  nearly  equal  to  18  cryetalhzed  instead  of  7*5  only  9s  required. 
Sulphate  of  iron  is  not  certunly  a  coetJy  article^  out  tits  great 
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■  excess  lend^s  die  use  of  lai^e  retorts  neeessaiy^  and  tluK 
gieatly increftses the  expense oithe  operation. 

The  acetic  acid  actually  produced  scarcely  merits  tHe  naate 
of  "  strong  "  by  which  it  is  described.  I  find  that  its  stren^h 
is  to  that  of  distilled  vinegar  only  about  as  three  to  one  j  added 
to  these  objections, its  odour  is  extremely  unpleasant  arising  from 


retort  a  mixture  of  sulphate  of  lead  and  peroxide  of  iron,  fron 
which  it  is  very  difficult  to  clear  it  for  a  second  operation. 

These  difficulties  are  all  easily  remedied.  Let  the  acetate  of 
lead  be  decomposed  by  sulphate  of  soda;  the  sulphate  of  lead 
beiag  rejected,  crystallize  the  acetate  of  soda,  and  decompose  it 
by  BulpDuric  acid.  The  acid  thus  obtained  is  not  at  all  empy- 
reamatic;  the  sulphate  of  sodaleft  in  the  retort  is  easily  dissolTea, 
and  serves  for  a  second  decomposition  ;  the  quantity  of  sulphiv 
ric  acid  required  is  only  2'6  parts  instead  of  the  6-4  parts  cod- 
tajoed  in  the  sulphate  of  iron  directed.  It  is  indeed  true  that 
there  is  the  additional  process  of  crystallizing  the  acetate  of 
soda,  but  this  is  more  than  compensated  for  by  omittii^  the 
preparation  and  diying  of  the  sulphate  of  iron. 

Addum  Muriaticum. — Equal  quantities  of  snlphuric  acid  and 
common  salt  are  directed  to  be  employed  in  the  preparation  of 
this  add.  It  will  be  seen  by  Dr.  Wollaston's  scale  that  tJie 
requisite  proportions  are  84  parts  of  acid  to  100  of  salt. 

Acidum  mtrosum. — This  acid  is  directed  to  he  distilled  by 
decoa^sing  24  parts  of  nitre  by  16  of  sulphuric  acid ;  and  it 
nay  be  remarked  that  the  product  is  not  strictiy  speaking 
nitrous  acid,  but  a  mixture  of  it  and  nitric  acid,  the  latter  being 
imqDe8tionid>ly  in  much  the  lai^er  proportion. 

Without  denying  the  propriety  of  directing  two  processes  f<M 
obtaioiue  what  I  must  consider  as  really  and  essentially  iBtrtc 
^d,  I  uiink  the  utility  of  the  present  directions  is  more  than 
^aestionable.  Dr.  WoUaston  has  shown  that,  to  obtain  thfr 
whole  of  the  acid  from  nitre  in  the  state  of  greatest  concentra- 
tion, it  is  requisite  to  employ  two  portions  or  atoms  of  sulphuric- 
ictd  with  one  of  nitre.  If,  however,  as  I  have  observed  in  my 
Kmarlis  upon  the  Loudon  Phanaacopceia,  one  portion  onl?  oi 
■Q^huric  acid  be  employed,  that  portion  of  nitric  a<nd,  whidb 
would  otherwise  be  lost,  may  be  condensed  by  passing  tivoi^ 
water. 

Considering  1>.  Wollaston's  statement,  aod  my  own  cm  expe- 
riments on  the  subject,  I  am  of  opinion  that  nitric  acid  ought  fo 
«  prepared  either  by  the  use  of  one  atom  of  sidphnric  a^,  or 
tvo  atoms.  The  Edinbargh  College  have  steered  esacthr 
between  these  points;  but  their  reason  for  so  doing,  I  confess,  w 
not  to  me  at  all  evident. 

I  put  into  a  retort  24  parts  of  nitre  and  16  of  sulphuric  acid) 
pA  coined  on  the  distillation  as  long  a»  nitric  acid  was  produce^ 
2  -e",,,,;;!. 
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"Hie  product  was  of  a  straw  colour,  evidently  containing  but  vei^ 
little  ailrouB  acid  ;  and  its  specific  gravity  was  1513,  instead  of 
1520i  as  stated  in  tte  Pharmacopceia.  It  weighed  11'5  pnrts ; 
whereas  24  parts  of  nitre  are  capable  of  yielding  17  parts  of  acid, 
provided  sumcient  sulphuric  acid  is  employed  to  afford  water 
enough  to  condense  the  nitric  acid.  Tnat  this  is  the  case  is 
proved  by  the  experiment  I  am  now  relating.  Sixteen  parts  of 
sulphuric  acid  contain  three  parts  of  water ;  and  it  will  be  seen 
by  Dr.  Wollaston's  scale  that  these  are  sufficient  to  condense 
only  8*8  parts  of  dry  nitric  acid  into  1 1*8  of  nitric  acid,  of  spe- 
cific gravity  15;  the  difference  between  actual  and  theoretical 
product  being  only  0'3  of  a  part,  which  is  as  little  as  can  well 
be  expected  in  experiments  of  this  nature. 

I  have  already  observed  that  the  acid  which  I  obtained  has 
only  a  straw  colour,  instead  of  a  red  one,~as  the  College  seem  to 
expect ;  and  I  believe  that  whenever  the  acid  has  this  red 
colour,  it  is  owing  to  the  presence  of  common  salt  in  the  nitre, 
the  chlorine  of  which  partially  decomposes  the  nitric  acid. 

Acidum  Nitricum  is  directed  to  be  prepared  by  heating  nitrons 
acid,  until  the  reddish  part  of  it  is  expelled.  If  pure  nitre  be 
made  use  of  in  the  first  preparation,  this  operation  is  totally 
useless  :  indeed  I  am  at  a  loss  to  imagine  any  utility  in  it,  even 
if  the  acid  were  as  red  as  the  College  seem  to  expect.  I  have  on 
other  occasions  remarked,  that  when  the  red  acid  is  diluted  with 
water  (which  it  always  is  before  it  is  used  either  internally,  or  as 
asolvent),  that  the  diluted  acid  is  quite  pale.  If,  however,  the 
College  wish  for  pale  nitric  acid,  it  would  certainly  be  better  to 
adopt  the  London  process  of  using  equal  weights  of  nitre  and 
sulphuric  acid :  this  method,  although  too  expensive  for  common 
purposes,  saves  the  operation  of  heating  the  acid  afterwards — 
an  operation  attended  with  some  loss,  and  nearly  as  much  risk 
as  the  first  preparation  of  the  acid.  Added  to  tnis,  unless  the 
nitric  acid  be  condensed  by  water,  when  less  than  two  atoms  of 
sulphuric  acid  are  used  to  one  of  nitre,  there  is  a  great  loss  of 
nitric  acid,  amounting  in  the  process  adopted  to  about  5^  parts 
out  of  17. 

Aqua  Potassa. — To  prepare  this,  six  parts  of  carbonate  of 
potash  are  to  be  rendered  caustic  by  eight  parts  of  lime,  Tbe 
theoretical  quantity  of  lime  is  only  2^  parts ;  four  parts,  there- 
fore, instead  of  eight  would  have  been  more  than  sufficient. 
The  excess  occasions  waste  by  the  quantity  of  solution  retained. 

Subcarbonas  Ammonia. — One  part  of  muriate  of  ammonia  ia 
directed  to  be  decomposed  by  two  parts  of  carbonate  of  lime. 
The  equivalent  quantities  are  nearly  94  of  the  carbonate  to  100 
of  tbe  muriate ;  it  must,  therefore,  be  admitted  that  one  part 
and  a  half  would  be  sufficient  instead  of  two.  The  excess 
requires  tbe  use  of  larger  vessels  and  more  firing. 
,  Aqua  Ammonia. — In  this  preparation,  the  quantity  of  lime  is 
uselessly  and  inconreoiendy  lai^,     Mmiate   of  ammonia   is 
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decompoMlde  by  very  little  more  than  half  its  weight  of  lime : 
the  quanti^  ordered  is  once  and  a  half  its  weight.  1  hare  tried 
.  the  process,  and  found  it  extremely  incoaTeaient ;  it  is  a  most 
pungent  operation  to  mix,  as  here  directed,  lime  and  muiate  of 
ammonia,  the  quantity  of  hme  being  so  very  lai^e,much  delays 
the  getting  it  into  the  retort,  to  the  great  annoyance  of  the 
operator.  I  confess  I  prefer  the  modincation  of  the  London 
.  process  of  1787,  which  I,have  recommended,  and  which,  with  a 
slight  variation,  the  London  College  have  now  adopted.  1  found 
the  specific  gravity  of  the  aqua  ammonitB  of  the  Edinburgh 
Fharmacopceia  to  be  0*936,  agreeing  veiy  nearly  with  their 
statement;  viz.  0'939. 

Estimating  by  the  strength  of  the  products  merely,  the  pro- 
cess of  the  Edinburgh  College  is  more  economical  than  the 
London  in  the  proportion  of  16  to  10.  As,  however,  the  former 
order  the  l^ge  quantity  of  lime,  which  they  employ  with  the 
.  muriate  of  ammonia,  to  be  made  red-hot,  ute  retort  generally 
breaks  ;  and  as  this  does  not  follow  as  a  matter  of  course  in  the 
London  process,  I  consider  it  to  be  really  most  economical ;  and 
having  tried  boIJi,  it  is  certainly  more  easily  managed. 

Tartras  Antimonii,  incorrectly  so  called,  instead  of  Tartras 
Antimonii  et  Potassas.  This  salt  is  directed  to  be  prepared  by 
.  the  old  mode  of  boiling  crocus  of  antimony  in  a  solution  of 
tartar.  The  objections  to  this  process  I  have  stated  at  length 
in  my  remarks  on  the  London  Pharmacopoeia.  I  shall,  there- 
fore, only  repeat,  that  it  is  an  extremely  inconvenient  one  on  ac- 
count of  the  difficult  solubility  of  the  crocus,  unless  it  has  gone 
through  the  troublesome  process  of  levigation  or  elutriation. 

Carbonas  Ferri  PrtEcipilatus. — Four  parts  of  sulphate  of  iron 
.  are  directed  to  be  decomposed  by  five  parts  of  carbonate  of  soda. 
Scarcely  44|parts  of  the  alkaline  salt  are  requisite. 

Tartras  PatasstE  et  Jem.— This  salt  is  correctly  named ; 
whereas,  as  already  observed,  the  potash  has  been  omitted  in 
the  chemical  name  for  tartarized  antimony. 

Acetas  HydrargT/ri. — This  salt,  which  is  hot  contained  in  the 
London  Pharmacopceia,  is  directed  to  be  prepared  by  dissolving 
three  parts  of  mercury  in  four  and  a  half  of  diluted  nitric  acid,  or 
in  a  httle  more  than  is  required  to  dissolve  it.  This  solution  is 
to  be  decomposed.by  three  parts  of  acetate  of  potash  dissolved 
in  about  42  times  its  weight  of  water. 

It  is  of  importance  in  making  this  salt,  that  the  mercury 
should  be  as  nearly  as  possible  in  the  state  of  protoxide,  other- 
wise but  little  acetate  of  mercury  will  be  obtained ;  for  if  the 
peracetate  be  formed,  it  is  a  very  soluble  salt,  and  protoacetate 
only  is  deposited  in  crystals. 

On  this  account  I  do  not  see  why  the  College  has  ordered 
rather  more  nitric  acid  than  is  required  to  dissolve  the  mercury. 
The  excess,  which  in  this  case  amounts  to  about  one-ninth  part, 
is  extremely  liablt  to  b,e  decoiiq>ofied  by,  and  to  convert  tha 
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metcaty  into,  perotide,  eBpeciaUjr  if  )ie»t  be  umd ;  tnd  then  Ae 
loss  which  I  have  descrioed  will  enisue.  It  is  qnite  tequisite 
that  the  acetate  of  potash  should  he  pure;  if  it  contain  any  sul- 
phuric or  muriatic  salta,  the  protoxide  of  mercury  will  he  thrown 
down  by  them.  The  salt  which  1  obtained  was  formed  by  using 
acetate  (^  soda,  not  finding  the  acetate  of  potash,  usually  met 
with,  sufficiently  pure.  Seventy-two  parts  crf^merouiy  yielded  rae 
only  29  of  acetate.  Upon  adding  muriate  of  soda  to  the  remain- 
ing solution,  I  crbtained  some  calomel,  showing  that  the  solurim 
should  be  evaporated  for  the  furttier  production  of  acetate. 
After  this,  I  obtained  by  the  addition  of  soda  a  large  quantity  of 
peroxide  of  mercury,  as  will  be  readily  conceived  when  it  is 
observed  that  73  parts  of  mercury  gave  only  29  of  acetate.  A 
part  of  this  loss  1  am  inclined  to  attribute  to  the  excess  of  nitric 
Bcid  already  noticed.  It  appears  to  me  that  acetate  of  lead,  hut 
I  have  not  t^ied  it,  might  be  advantageously  used  instead  of  ace- 
tate of  potash.  It  must  certainly  be  free  from  sulphuric  and  mu- 
riatic salts.  After  what  I  have  stated  I  think  it  is  evident,  first, 
that  less  nitric  acid  should  be  used ;  secondly,  that  less  water 
should  be  employed,  or  the  solution  evaporated  to  obtain  more 
acetate ;  thirdly,  that  the  peroxide  (onned,  should  be  obt^ned 
by  precipitation  for  preparing  the  oxidum  hydrargyri  nibrum. 

Mariia  Hydrargyri  Corrosivus. — Two  parts  of  mercury  are 
directed  to  he  boiled  with  two  parte  wid  a  naif  of  sulphuric  acid, 
end  the  sulfate  of  mercury  resulting  is  to  be  decomposed  by 
four  parts  ot  common  salt. 

I  have  already  noticed,  that  in  preparing  muriatic  acid,  the 
College  order  common  salt  to  be  decomposed  by  an  equal 
weight  of  sulphuric  acid,  a  quantity  unnecessarily  large.  In 
this  instance,  it  appears  to  be  simposed  that  the  remaining  por- 
tion of  two  parts  and  a  half  of  sulphuric  acid  which  the  sulphate 
of  mercury  contains  are  capable  of  dec<»npoBing  four  parts  of 
common  salt.  It  is  probable,  hut  I  do  not  speak  with  certainty, 
that  at  least  2*75  parts  of  the  four  parts  of  salt  are  in  excess,  and 
totally  useless. 

Submurias  Hj/drarguri  Precipitatm. — In  order  to  prepare 
this,  equal  weights  of  ailnted  nitrous  acid  and  mercury  are  to  be 
used  to  obtain  a  solution  of  protonitrate  of  mercury,  which  is  to 
be  decomposed  by  muriate  of  soda.  The  quantities  of  acid  and 
mercury  appear  to  be  perfectly  well  apportioned,  scarcely  an 
atom  of  mercury  remaining  undissolved.  In  this  case,  as  well  as 
in  that  of  preparing  the  acetate  of  mercury,  it  is  of  great  import- 
ance that  the  mercury  should  not  be  converted  into  peroxide  ; 
but  the  directions  are  singularfy  inconsistent  with  each  other. 
In  preparing  the  nitrate  for  the  acetate,  more  acid  is  directed  to 
he  used  than  is  required  for  dissolving  the  mercury.  In  prepar- 
ing the  nitrate  for  the  submuriate,  the  orders  are  with  more 
propriety  direcfly  reversed,  more  mercury  being  dippcted  to  he 
added  to  the  acid  thaa  it  is  eapaUe  of  dis8d.ving. 
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Even  however,  when  more  mercury  is  nsed  than  the  acid  can 
disEolre,  a  lai^e  portion  of  peroxide  of  mercury  is  formed,  which 
may  be  thrown  down  by  an  alkali  after  the  precipitation  of  the 
calomel,  I  found  that  48  parts  of  mercury  gave  15  of  peroxide 
after  the  calomel  had  been  formed  and  separated. 

Oxidum  HydraTgyri  Cinereum. — Two  hundred  and  forty  parts 
of  caioDuel  are  directed  to  he  decompoeed  by  as  much  lime- 
water  as  contains  about  160  parts  of  lime.  Now  the  muriatic 
acid  yielded  by  the  calomel  employed  cannot  combine  with 
more  than  30  parte  of  lime  :  I  do  not  mean  to  say,  if  lime-water 
be  nsed,  that  an  excess  isof  no  importauce;  but  I  think  that  iii 
tiie  quantity  nsed,  a  portion  must  during  ebullition  be  converted 
into  carbonate,  and  mix  with  tlie  oxide  of  mercury  obtained.  U 
seems  to  me  ikst  potash  ia  n  much  better  alkali  than  lime  for 
diis  purpose  ;  being  so  readily  soluble  in  water,  a  small  quantity 
of  the  solutionis  sufficient. 

Oxidum  Hydrargyri  RuOrum  per  Acidum  NiVricwm.— TTiia 
substance,  to  whicnso  intolerably  long  a  name  has  been  given, 
is  prepared  by  first  dissolving  three  parts  of  mercuiy  in  foiir 
of  dilute  nitrous  acid.  As  I  have  already  noticed  that  mercu^ 
is  soluble  in  its  own  weight  of  this  acid,  and  that  some  peroxidle 
is  formed ;  it  appears,  therefore,  that  one-fourth  more  acid  la 
now  ordered  than  is  necessary.  The  decomposition  of  that 
nitric  acid  which  holds  protoxide  of  mercury  in  solution  is  suffi- 
cient at  a  high  temperature  to  convert  it  into  peroxide. 

Su&svlphas  Hydrargyri  Flaviis  is  formed  by  boiling  together 
two  parts  of  mercury  and  three  of  sulphuric  acid.  In  preparing 
corrosive  sublimate,  the  proportions  are  two  af  ^etal  to  two  and 
a  half  of  acid.  In  one  case  the  acid  must  be  redundant,  or  in 
the  other,  deficient. 

Acetas  Plumbi. — Prepared  by  dissolving  white  oxide  of  lead 
in  distilled  vinegar.  By  white  oxide  of  lead  is  meant,  I  suppose, 
carbonate  of  lead,  no  white  oxide  existing,  or  being  mentioned 
among  the  materia  medtca.  Litharge  is  the  oxide  usually 
employed  by  the  manufacturers  of  sugar  of  lead. 

It  is  of  httle  importance  to  notice  this  preparation,  because, 
while  it  can  be  bought,  prepared  as  it  now  is  in  purity  on  the 
large  scale,  it  will  always  be  preferred  on  account  of  its 
cheapness. 

In  concluding  these  observations,  1  wish  to  remark,  that 
although  I  have  scarcely  mentiooed  any  processes  of  this  work 
with  approbation,  it  is  not  because  I  have  found  them  unworthy 
of  it :  on  the  contrary,  there  are  many  parts  which  I  can  recom- 
mend wiA  the  matest  confidence  to  those  who  may  in  future 
undertake  the  omce  of  refonning  a  Pharmacopoeia. 
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Article  XIV. 

Proceedings  of  Philosophical  Societiet. 

fiOVAL    SOCIETY. 

Nov.  23. — A  letter  to  the  President  from  the  Earl  of  Mortem 
was  read,  communicatiDg  a  curious  fact  in  natural  history. 

The  Earl  of  Morton  bad  received  some  years  since  a  male 
Quagga  from  the  Cape  of  Good  Hope.  From  this  and  an  Ara- 
bian mood  chestnut  m^e  a  female  hybrid  was  produced,  which 
possessed  indications  both  as  to  colour  and  form  of  her  mixed 
breed.  In  the  possession  of  another  person,  the  same  mare 
'was  afterwards  bred  from  by  an  Arabian  horse ;  the  result 
was  singular,  as,  although  it  had  the  general  appearance  of  tKe 
Arabian  breed,  it  bore,  in  several  respects,  cnaraclers  which 
belong  to  the  Qu^ga,  such  as  stripes  and  marks  on  the  body, 
and  in  the  hair  of  the  mane. 

Nov.  30. — This  being  the  usual  day  for  the  election  of  officers 
for  the  ensuing  year,  the  following  noblemen  and  gentlemen 
were  appointed : 

Presideni.— Sir  Hunipbry  Davy,  Bart. 
2>eajurer.— Davies  Gilbert,  ^q.  MP. 
Secretaries. — William  Thomas  Brande,  Esq. 

Taylor  Combe,  Esq. 
Courtdl. — Dr.  Ash. 

William  Blake,  Esq.  MA. 
Earl  Brownlow. 
Bishop  of  Caiiisle. 
J.  G.  Children,  Esq. 
Sir  G.  Clerk,  Bart. 
H.  T.  Colebrooke,  Esq. 
J.  W.  Croker,  Esq. 
Charles  Hatchett,  Esq. 
J.  F.  W.  HerscbeU,  Esq. 
Sir  Everard  Home,  Bart. 
Capt.  Henry  Kater. 
J.  Planta,  Esq. 
J.  Pond,  Esq. 
Earl  Spencer. 
Dr.  W;  H.  Wollaston. 
Dr.  T.  Young,  Foreign  Secretary. 
Dec.  7. — Sir  Humphry  Davy,  on  taking  Uie  chair,  in  a  short 
address  adverted   to   the  objects  of  the   Royal  Society :  he 
alluded  also  to  those  philosophical  associations  whose  objects 
were  similar,  but  confined  to   particular  branches  of  science. 
The  present  state  of  the  sciences,  and  the  great  share  which 
the  Royal  Society  had  in  tbeir  improTement,  were  next  pointed 
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oBl;  and,  ta  eoonected  wiUi  dumistry,  be  reoommetKled  the 
tMil:^«^s  of  diwrioe,  and  the  ama^vtation  .of  ammoaia  ,wiU> 
mercury. 

Site.  14. — A  packer,  by  Mr.  Ifaraday  (communicated  by  tho 
Secretary),  was  I'ead.  Itdsscribed  the  composition  awl  proper- 
tioB  of  two  oew  compounds  of  chloriue  and  carbon,  and  one  of 
iodine,  bydrogen,  t^nd  carbou.  The  reading  of  this  paper  was 
concluded  on  the  2lat,  when  the  Society  udjouraed. 

The  tirst  chloride  of  carbon  obtained  by  Mr.  Faraday  waa 
procured  by  acting  upon  chloric  ether  with  chlorine.  The 
muriatic  acid  gas  formed  by  their  mutual  action,  when  exposed 
to  the  bud's  rays,  being  repeatedly  expelled  by  the  introductioa 
of  fresh  chlorine,  a  crystaUine  substance  was  obtained,  which  is 
tiie  percbloi'ide  of  carbon.  Mr.  Faiaday  then  details  a  method 
by  which  it  may  be  obtain^id  in  purity,  and  it  then  has  the  fol- 
lowing properties  :  It  is  ctdoiirlees  and  transparent :  its  smell  is 
nther  aromatic,  somewhat  resembling  that  of  camphor.  Its 
iaate  is  very  slight;  and  it  is  nearly  twice  as  heavy  as  water. 
It  is  easily  pulverized  ;  when  st;ratched,  it  has  the  appearance  of 
white  sugar,  and  it  is  of  about  the  same  degree  of  hardness  as  • 
this  substance.  .  It  is  a  non-conductor  of  electricity.  At  a 
medium  temperature,  it  volatilized  stowjy  ;  at  320°  it  melts; 
and  at360°it  Doils.  It  is  insoluble  in  water,  but  soluble  in  alcgbol 
■nd  in  ether;  it  is  not  readily  combustible  under  common  circum- 
stances ;  but  heated  in  pure  oxygen  gas  it  liums,  and  sometimes 
brilliantly.  When  heated,  it  sublimes  in  a  crystalbne  form,  and 
those  crystals  obtained  from  its  solution  In  ether  are  quadrangular 
plates.  It  appears  to  be  composed  of  three  atoms  of  chlorine  = 
.100*6,  and  two  atoms  of  carbon  =  11-4. 

It  is  soluble  in  oils,  both  volatile  and  fixed.  At  a  red-heat, 
bnt  not  below  it,  oxygen  acts  upon  it ;  the  electric  spark  did  not 
inflame  a  mixture  of  the  vapour  of  it  with  oxygen  even  at  aboat 
400°  Fahr.  nor  did  hydrogen  cause  any  change  in  it  under  the 
Mune  circumstances ;  but  on  passing  them  through  a-  red-hot 
tnbe,,  decomposition  took  place.  Muriatic  acid  gas  was  formed^ 
«a>i,ca*i>on  deposited.  Sulphuric  acid  does  not  appear  to  act 
:Vpon  it  at  all.  The  metals  for  the  most  part  decompose  the  pec- 
.obloride  of  carbon  at  high  ,  temperaturas.  Potassium  burns 
Jhrilliaatly  in  the  vapour  oi  it^  and  iron,  tin^  &c.  combine  with 
Aeichlorine,  and  depout  the  carbon. 

When  pasAed  through  a  red-bot  tube,  it  is  decomposed, 
«bIorine  is  evolved,  mw  the  proCocblocide  of  .carbon  obtained- 

FrotochUnide  nf  Carion. — ^Lhis  is  fanned  by  beating  the.per- 
jdUorkle  to  dull  ledoess;.  it  at  first  sublimes,  but  eventually 
chlorine  is  evolved,  and  the  protoddoride: formed;  and  being 
'WperiMd  is  oeBMbased  into  a  fluid.  By  repeated  distillattons 
it  IS  pMwved  pttHEsetl;  eotwries*  aod  limpid,  and  possessing  tlve 
■frilaiwing,pti^W»Ww  lib  •peoifi&  j^vity  1-6636.  It  is  a  noo- 
eooductor  <^  electricity ;  its  r^MMtHr»|ipwM  is  veiy  luailjr  ^^H^ 
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of  camphor.  It  is  iDcombastiUe,  except  m  tlie  flame  of  a  spirit- 
lamp,  aDd  it  then  yields  muriatic  acid,  with  a  bright' yellow 
flame. 

It  remains  fluid  at  0°  of  Fahr. ;  heated  under  water  to  about 
166°,  it  ie  vaporized ;  and  while  the  temperature  is  continued^ 
remains  so.  When  strongly  heated  by  being  passed  over  rock 
crystal  in  a  glass  tube,  a  portion  of  it  is  decomposed ;  and  car- 
bon is  deposited  in  the  tube ;  but  whether  this  decompositioa  is 
to  be  attributed  merely  to  the  heat,  or  to  action  upon  the  glads, 
is  uncertain.  Like  the  perchloride,  it  does  not  unite  with  water, 
but  it  combines  with  alcohol  and  ether ;  the  solutions  bum 
with  a  greenish  flame,  and  muriatic  acid  fumes  &Ti  percep- 
tibly evdved.  The  fixed  and  volatile  oils  also  combine  with  it. 
The  metals  act  upon  it  nearly  in  the  same  way  aa  upon  the  per- 
chlorides  ;  potassium  acts  slowly  upon  it  at  common  tempera- 
lures,  but  ^hen  heated  in  the  vapour  of  the  protochloride, 
brilliant  combustion  ensues,  and  carbon  is  deposited.  Neith^ 
nitiic,  muriatic,  nor  sulphuric  acid,  act  upon  it,  and  it  does  not 
combine  with  alkahne  solutions.  Hydrogen  passed  through  the 
vapour  of  this  chloride  decomposes  it  at  a  high  temperature,  car- 
bon is  deposited,  and  muriatic  acid  formed.  It  appears  to 
•consist  of  one  atom  of  each  of  its  constituents,  or  33*5  chlorine 
+  6'7  carbon. 

Mr.  Faraday  has  also  in  this  paper  given  an  account  of  a  triple 
compound  of  iodine,  carbon,  and  hydrogen.  Itwas  procured  ny 
exposine  iodine  in  olefiaot  gas  to  the  solar  rays.  Crystals  were 
gradual^  formed ;  no  hydnodic  acid  appeared  to  exist  in  tJie 
vessel  I  and  hence  olefiant  gas  bad  not  been  decomposed,  but 
merely  absorbed  by  the  iodine.  The  triple  compound  of  iodine^ 
'Carbon,  and  hydrogen,  was  purified  by  potash,  which  dis- 
solved the  uncombined  iodine.  It  is  a  colourless,  crystalltne, 
friable  body  ;  its  taste  is  sweetish,  and  its  smell  aromatic.  It  is 
a  non-conductor  of  electricity.  By  beat,  it  is  first  melted,  and 
then  Bublimes  unchanged,  and  condenses  into  crystals  which 
■are  either  tubular  or  pnamatic.  At  a  high  temperature  it  suflers 
decomposition  with  the  evolution  of  iodine.  It  bums  in  Hie 
flame  of  a  spirit-lamp,  giving  iodine  and  hydnodic  acid.  It  ia 
soluble  in  ether  and  alcohol,  but'  not  in  water,  acid,  or  alkaline 
-solutions.  At  between  300"  and  400°,  it  is  decomposed  in  sul- 
phuric acid,  but  probably  by  the  mere  heat.  Mr.  Farad&y  con- 
eiders  this  substance  as  analogous  to  chloric  ether.  He  proposes 
to  call  it  hydrocarboret  of  iodine,  Mr.  Faraday  has  not  yet 
procured  an  iodide  of  carbon  ;  but  he  entertains  well-grouoded 
hopes  of  being  able  to  succeed  when  the  sun's  rays  are  more 
powerful  than  at  this  season  of  the  year. 

On  account  of  the  extreme  importance  of  the  facts  contained 
in  the  paper  of  which  I  have  now  given  an  outline,  I  shall  take 
the  earnest  opportunity  permitted  by  tlie  Koyid  Soci^y  of  laying 
the  whole  of  it  befiwe  tbe  reader. 
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The  meetinga  of  this  Society  were  resumed  on  Nor.  3,  when 
ihe  following  papers  were  read  : 

A  notice  accotnpauying  specimens  of  I.ead  Ore  in  Toadstone, 
from  near  Matlock,  Derbyshire,  by  Charles  Stokes,  Esq.  MGS. 
was  read. 

It  has  been  a  prevalent  opinion  that  the  veins  of  lead  ore 
which  occur  in  the  limestone  of  Derbyshire  do  not  traverse  the 
beds  of  toadstone  which  alternate  with  the  hmestone.  It  appears, 
however,  from  the  information  of  Mr,  Tissington,  that  this  is  an 
error.  A  vein  had  been  worked  in  the  hmestone  above  tbie 
toadstone  at  the  Seven  Rakes  mine,  and  abandoned  on  coming 
to  toadstone  from  the  general  idea  that  the  veins  were  cut  off  by 
it.  About  a  year  ago,  however,  some  miners  ascertained  that 
-the  vein  continues  through  the  toadstone,  and  it  is  noW  working 
with  profit.  Another  vein  in  the  side  mine  is  also  working  in 
the  toadstone. 

A  notice  of  fossil  plants  liaving  been  found  at  the  Col  da 
Balme,  by  H.  T.  de  la  Beche,  Esq.  MGS.  was  read. 

The  Col  de  Balme  at  the  head  of  the  valley  of  Chamouny, 
^wliich  by  M.  Ehel  is  stated  to  consist  of  primitive  rocks,  is  com- 
posed of  beds  of  clay-slate,  of  hmestone,  and  of  a  few  thinbedis 
.of  sandstone :  these  seem  to  be  a  continuation  of  the  hmestonaB 
which  are  remarked  in  patches  in  the  valley  of  Chamouny,  and 
which  probably  once  occupied  the  whole  length  of  the  valley. 

While  crossing  the  Col  de  Balme  in  the  autumn  of  1819, 
M.  de  la  Beche  collected  specimeae  of  the  thin  beds  of  sand- 
stone containing  vegetable  impressions  precisely  similar  to  those 
which  are  usucmy  found,  in  coal  formations.  He  also  procured. 
at  Chamouny  some  specimens  of  clay  slate  found  on  the  Col  de 
Balme,  and  which  had  impressions  of  the  plants  of  coal  forma- 
tions covered  by  beautiful  white  talc  in  very  thin  laminae. 

The  "  Supplementary  Remarks  on  Quartz  Rock,"  by  Dr, 
MaccuUoch,  MGS.  were  read. 

A  further  examination  of  the  westward  of  Sundeiiand,  where 
gneiss  abounds  in  all  its  varieties  from  tlie  granite  to  the  schis- 
tose, has  enabled  Dr.  Maccnlloch  to  ascertain  its  alternations 
.with  quartz  rock.  The  latter  appears  sometimes  in  a  detached 
state,  occupying  the  summits  of  those  mountains  of  which  the 
chief  mass  consists  of  gneiss,  as  is  the  case  in  Ben  Stack,  and 
,  in  the  northernmost  Ben  More ;  or  it  is  found  covering  extensive 
tracts  of  countiy,  and  occupying  the  lowest  as  well  as  the 
nighest  laud,  as  in  the  instance  of  the  great  tract  from  Beu  More 
Assynt  to  Canasp  and  Curiach. 

On  the  north  side  of  Glendhu,  the  bed  of  quartz  rock  is  about 

100  feet  thick:  it  reposes  on  the  gneiss  which  extends  to  the 

western  sea,  and  consists  of  very  even  and  parallel  strata,  of  an 

Atremely  compact  variety.    This  mass  is  foUowedby  a  similar 
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meisa  to  that  which  lies  .below  it^  aod  in  crossiog  the  rid^e  to 
Lo.chmore,  the  quartz  is  agaia  found  on  one  of  the  inferior 
tummitB. 

In  Ben  Ay,  BenKlibri^,  andotherpartsof  Sutherland,  there 
appears  a  gradual  transition  between  the  two  rocks  ;  the  gneiss 
■first  assuming  the  aspect  of  micaceous  schist,  which  then 
passes  into  a  micaceous  aad  highly  schistose  quartz  rock,  and 
ultimately  into  pure  quartz. 

In  many  parts  or  the  coast  of  Sutherland,  quartz  rock  is 
.found  alternating  with  red  sandstone,  both  in  single  beds  and  in 
mountain  masses.  The  same  appearances  are  observable  in 
veveral  parts  of  Ross-shire.  The  quartz  rock  of  which  the 
entrance  of  the  eastern  side  of  Loch  Eribol  is  composed,  and 
■which  is  remarkable  for  the  magnitude  and  number  of  the  caveft 
which  it  forms,  contain  pyrites  m  considerable  quantity  ;  and  in 
consequence  of  the  decomposition  of  the  substance,  is  frequenUy 
-Btainea  of  a  reddish  brown  colour  so  as  toresemble  granite.  In 
this  neighbourhood  the  quartz  rock  presents  examples  of  consi- 
derable curvatures. 

In  the  district  of  Mar,  Dr.  Maccullocb  has  found  a  perpetual 
alternation  of  gneiss  and  micaceous  schist  with  quartz  rock,  and 
the  apparent  transition  between  the  two  is  so  perfect  that  witJl- 
out  a  minute  examination  of  the  fractured  rock,  it  la  impossible 
to  determine  which  it  presents.  In  the  northern  parts  of  Aber- 
deenshire, this  association  is  less  common. 

The  last  conjunction  of  quartz  rock  observed  by  Dr.  Maceul- 
locli  consists  of  a  repeated  alternation  with  micaceous  scbis^ 
chlorite  schist,  and  hornblende  schist.  This  aeries  extends  over 
a  considerable  tract  of  countr)'  in  a  regularly  stratified  manner, 
■the  beds  of  the  different  rocks  rarely  exceedmg  a  few  yards,  tmd 
often  being  only  a  few  inches  In  dbickness. 

Quartz  rock  haa  not  been  hitherto  found  to  contain  any 
itabedded  minerals,  except  pyrites  and  garnets. 

Nov.  17. — The  "  Description  of  a  Visit  to  the  Nilghurries,  a 
Kange  of  Hills  in  the  Coimbatoor  District,"  (East  Indies)  by 
Kathaniet  Kinderaley,  of  the  Madras  Civil  Service ;  communi' 
cftted  by  B.  Babington,  Esq.  was  read.  <  -  - 

£)ec.  1. — A  letter  from  G.  Mantell,  Esq.  accomfwoying  the 
drawing  of  a  fossil  vegetable  from  the  Sussex  sandstone,  wA 
Tead. 

This  specimen,  which  is  from  the  bed*  of  sandstone  Art  oeoMr 
in  tbe  Oak-tree  Clay  oftbesoiith-eastcm  part  of  Sussex,  derives 
additional  interest  from  tibe  eircurastance  of  its  being  associated 
with  the  remains  of  the  It^thyosanrus,  mid  of  some  speeieB  «f 
Lacerta.  It  bears  a  closer  affinity  to  the  Eup]ker)»i«  Aair  to  any 
qUier  recent  vegetable  ;  and-  it  strikJndy  resembles  &e-  fijBSH 
pbnts  of  the  gritstone  oif  Derbyshire  ana  other  places. 

Apaper"OiitJieVrile¥ofthjeSntfeig_RiTermtheHliari*y»  • 
'Meuatuar,"')^  H.  T:  Cdebrooke,  Esq.  VPOS.  wu  ittttf. 
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In  a  journey  undertaken  io  the  autumn  of  1818  by  Lieyt.  A^ 
Gierard,  accompanied  by  his  brother,  for  the  purpose  of  approxU 
mating  towards  the  extreme  height  of  Manaoarover  by  baroire> 
trical  raeasuremeHt  of  the  bed  of  the  Sutleig,  a  variety  of 
^Mcimens  illustralive  of  the  geological  structure  of  the  lower 
and  middle  valleys  were  coilected,  but  in  cousequence  of 
the  many  difficulties  which  were  encountered  on  the  route,  anil 
the  accidents  which  happened  to  the  travellers  during  their  (pro- 
gress, this  series  has  been  rendered  less  perfectthan  itotherwisf 
would  have  been. 

l^e  banks  of  the  Sutleig,  in  the  lower  valley,  at  the  elevatiom 
of  2000  feet  above  the  level  of  the  sea,  are  composed  ofhmestons 
which  is  apparently  primitive.  The  general  inclination  of  the 
strata  is  stated  to  be  10°  or  15°,  and  the  direction  much  diversi- 
fied. At  Jaur6,  on  the  northera  bank,  hot  springs  issue  withia 
two  or  three  feet  from  the  river.  A  thermometer  plunged  into 
one  of  them  rose  to  130°  of  Fahrenheit ;  while  the  temperature 
of  the  river  was  61°.  The  water  has  a  strong  sulphureous  smell, 
and  encrusts  the  pebbles  among  which  it  runs  with  a  yellow 
substance.  Limestone  seems  the  prevailing  rock  on  the  hillg 
which  bouiid  the  adjacent  valleys.  Among  the  specimens  is  a 
stalactite  from  the  roof  of  a  cave  near  the  top  of  the  Carol  moun* 
tain,  and  about  6600  feef  above  the  level  of  the  sea. 

in  ci'ossing  the  Hlm^aya  at  the  Bruauy  pass,  which  is  tbs 
route  of  communication  between  the  middls  valley  of  the  Sul^ 
leig  and  the  valley  of  the  Paber,  and  of  which  the  e.\treme  aiti- 
tude  is  15,000  feet,  mica  slate,  gneiss,  and  granite  (some  of  the 
■pecimens  containing  garnets,  and  others  tourmaline),  wers 
found  ;  and  veins  of  quartz  and  mica,  and  quartz  and  homblende| 
are  observable  in  the  specimens  which  have  been  transmitted. 

The  mean  height  of  the  Sutleig  near  to  its  influence  with  the 
Bespa  is  6,300  leeL  The  rocks  which  here  form  its  banks  ars 
inclined  25° — 30°,  and  dip  eastward :  they  consist  of  granite^ 
gneiss,  quartz  rock,  granular  quartz;  quartz,  and  mica,  aud  gra^ 
aite  with  hornblende.  Between  this  »pot  and  Rispe,  Iroia 
6500  to  980O  feet  above  the  level  of  the  sea,  the  rocks  are 
diiefiy  formed  of  a  whitish  crumbling  granite.  The  Cailas,  or 
BaJdaog  mountains  on  the  south,  an  assemblage  of  pointed 
peaks,  covered  with  snow,  and  more  than  20,000  feet  in  height, 
ue  to  all  nppearance  composed  of  the  same  kind  of  rock. 

Overbangmg  the  towaof  Marangis  is  a  mountain  of  clay  slate. 
Upon  it,  at  an  elevatioa  of  12,000  feet,  heath,  juniper,  and 
gooseberry  bushes,  are  growing.  In  advancing  to  the  Tun^)an{ 
pass,  which  is  13,740  feet  above  the  sea,  rocks  formed  chieQ^r 
of  compact  quartz,  with  chlorite,  were  observed.  The  pass 
ito^  eutibited  clay  slate,  with  pyrites  and  globular  mica. 

A  few  miles  further  on,  granite,  gneiss,  mica  slate,  quartz  aD<l 
•MM,  actinohte,  with  quartz  and  garnets,  pyrites  in  quartz,  a 
Uai»b-gf*y  limeMooe,  with  whits  v«uts  and  calcaisons  tu&^wei* 
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found.  Here  the  strata,  according  to  Ltent.  Gerard's  observation, 
ran  north-west  to  south-east,  ana  dip  to  the  north-east,  at  an 
angle  of  40°  or  45*. 

'  In  the  neighbourhood  of  Namptusangi,  the  bed  of  the  Siitleig 
Is  8220  feet  above  the  sea,  and  consists  of  only  two  sorts  of  rock, 
viz.  mica  slate  and  granular  quartz,  with  imperfectly  crystallized 
hornblende.  At  its  confluence  with  the  L^  river,  the  banks  are 
composed  of  granite.  Oo  ascending  the  latter  stream,  the 
banks  were  found  to  exhibit  specimens  of  slate,  pottpr's  clay, 
marl,  or  loam  and  sand,  ana  stalactitic  carbonate  of  lime. 
Higher  up  the  same  river,  and  in  the  vicinity  of  Chango,  where 
the  bed  is  not  less  than  9900  feet  above  the  sea,  primitive  lime- 
stone, blue  and  likewise  greyish-white,  with  disintegrated  pyrites, 
were  found  ;  also  mica  slate,  with  fragments  of  veins.  In  one 
instance,  wliite  quartz  with  mica,  hornblende,  and  garnet ;  in 
another,  actinolite,  with  quartz,  mica,  and  garnet. 

Between  Namgia  and  Shissk6,  where  the  survey  eastward 
terminated,  and  where  the  bed  of  the  river  is  !;000  feet  above 
the  level  of  the  sea,  the  rocks  are  composed  of  granite,  with 
and  without  tourmaline  and  garnets,  gneiss,  mica  slate,  compact 
quartz,  cyanite,  with  quartz  and  mica,  and  compact  felspar,  with 
hornblende. 

North  of  the  pass  of  the  Shissk4-ghut^  is  situated  the 
Tarhigang  mountains,  which  Lieut.  Gerard  ascended  to  the 
Jirodigious  height  of  19,41 1  feet  above  the  level  of  the  sea,  and 
within  two  miles  of  the  top,  which  is  estimated  at  22,000  feet. 

The  rocks  here  lie  in  immense  detached  masses,  heaped  upon 
one  another.  One  specimen  of  whitish  primitive  limestone,  and 
another  of  granite,  with  tourmaline  and  garnet,  which  were 
found  at  this  station,,  have  been  preserved. 
'■  ^e  Rol  or  ShatuI  pass,  over  the  Himalay  mountains,  b^ 
which  the  surveyors  returned  from  this  arduous  jouniey,  is 
nearly  15,000  feethigh.  The  rocks  at  the  summit  of  this,  pass 
tionsist  of  gneiss ;  and  the  peaks  on  each  side,  rising  to  an  eleva- 
tion of  nearly  3000  feet  more,  appear  to  be  formed  of  the  same 
materials.  On  descending  the  southern  side  from  the  Rol,  at 
the  height  of  12,000  feet  above  the  sea,  the  rocks  are  found 
generally  composed  of  gneiss ;  and  on  the  northern  side,  the 
prevalent  rock  was  ascertained  to  be  granular  quartz. 

Seeds  of  a  species  of  Campanula  were  gathered  at  the  eleva- 
tion of  16,800  feet  above  the  level  of  the  sea,  at  a  spot  where 
tiie  thermometer  at  noon  in  the  middle  of  October  was  27''  of 
Fahr.  Shrubs  were  found  in  a  vegetating  state  at  a  still  greater 
aJtitude.  < 

Dec.  15. — "  A  Notice  respecting  the  Cally  Copper-Mine  in 
Scotland,"  by  John  Taylor,  Esq.  Treasurer  of  the  Geolog.  See. 
was  read.  Inis  mine  is  situated  near  Gatehouse,  a  smat!  town 
IB  Kircudbrightshire,  on  the  mail  road  from  Dumfries  to  Port 
Fathck.     Veins  producing  lead  had  been  woriced  then   for 


1S21.]  Gtological  Society.  71 

several  years,  but  the  existence  of  copper  was  not  suspected 
until  some  labourers  who  were  employed  to  drain  a  swampy 
piece  of  ground  near  the  top  of  the  hill  of  Cally,  dJBCuvered 
eeveral  masses  of  a  rich  ore.  The  mine  has  been  since  worked 
under  the  direction  of  a  company,  and  has  ahead y  produced  60 
to  70  tons  of  copper,  worth  nearly  15/.  per  ton.  The  direction 
of  the  veins  which  run  east  and  westof  tae  shaft,  that  wassimk 
to  the  depth  of  eight  fathoms,  on  the  spot  where  the  ore  was 
first  found,  and  seem  to  incline  together,  holds  forth  the  prospect 
of  a  regular  vein  in  depth 

The  ores  are  of  a  mised  character,  containing  the  yellow  and 
coated  varieties,  wilii  some  green  carbonate. 

A  paper  "  On  a  recent  deposit  of  Compact  Limestone,"  by 
Charles  Stokes,  Eftq.  MGS.  was  read.  '  - 

-  On  examining  a  congeries  of  fragments  of  recent  corals  and 
shells,  supposed  to  be  from  the  Mediterranean,  portions  of  a 
compact  limestone  were  found  enveloping  and  encrusting  the 
corals  and  shells ;  and  as  it  is  well  known  that  corals  cannot 
penetrate  substances  that  are  much  softer  than  compact  lime- 
stone, it  necessarily  follows  that  this  limestone  must  be  a  recent 
deposit.  One  of  tne  corals,  discovered  by  a  fortunate  fracture, 
Tet^ns  all  its  beautiful  structure,  althoi^h  completely  imbedde4^ 
in  limestone. 

An  extract  of  a  letter  from  Mr.  William  Jack  to  H.  T.  Cole- 
brooke,  Esq.  VPGS.  dated  Feb  6,  1820,  and  communicated  by 
i&r.  Colebrooke,  was  read. 

The  island  of  Penang  off  the  Malay  Peninsula  is  entirely  coin> 
posed  of  granite,  varying  in  the  fineness  and  coaraeDeflS  of  its 
grain,  and  sometimes  in  containing  hornblende.  In  tfie  island 
of  Singapore,  the  rocks  are  secondary,  the  principal  one  is  a  red 
sandstone,  of  which  the  strata  have  a  considerable  dip  to  the 
south,  or  south-eastward,  and  which  changes  in  some  parts  to  s 
breccia  or  conglomerate;  A  small  hill  near  the  town  ia  oom- 
posed  of  argillaceous  ironstone.  '  These  are  the  prevailing  mine* 
rala  along  the  eastern  coast  of  the  Peninsula ;  and  the  last 
mentioned  strata  appear  to  be  connected  with  the  alluvial  depo- 
sits of  tin,  which  are  so  abundant  on  tiiis  coast.  The  principal 
mines  are  at  Salengore  and  Pera,  where  the  tin  is  found  in  hori- 
zontal be<!h  alternating  with  clay  stratai,  and  so  pure  as  only 
to  require  to  be  washed  and  reduced.  Near  this  tin,'the  prinu- 
tive  and  volcanicranges  seem  fo  meet;  the  former  descending  in 
a  south-^Btem  direction  through  the  Malay  Peninsula,  and  the 
parallel  island  of  Sumatra,  from  the  Hinudaya  range,  until  it 
comes  in  contact  with  the  volcanic  series,  which  runs  from 
thence  nearly  east,  through  Java  and  the  chain  of  islands  that 
Geoff  its  eastern  extremity.  . 
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Article  XV. 

'    SCIGKTIFIC   INTELLIGENCE,    AND    NOTICES   OV    SVBfBCTft 
CONNECTED    WITH    KCrEHCS. 
I.  Test/or  Baiytei  and  Strottlia. 
Bar^tea  and  strontia  may  lie  readily  distioguished  from  each  other  b^  thA 
Iblluwine  prucess:   Male  n  solution  oFtlie  earih,  whichever  it  maj  be,  either 
bj  nirric,  miirialic,  or  some  oiheracid,  which  will  form  a  soluble  salt  with  tet 
add  solutttm  of  sulphate  ofsoda  in  exce»<,  fitter,  and  tbeti  teat  the  clear  fluid  by 
•ubcarlioiinte  of  pi>ta<ih.     If  anj  precipitale  falls  down,  the  earth  wai  atrontia; 
if  the  fluid  remaiiit  clear,  it  was  baryte^.— (Juuroal  uf  Science  and  the  Arts, 
toI.  I.  p.  189.) 
,  II.  AmmoniacalAlum. 

■M.  AnatoleRiffuuitlmi  detailed  a  set, ofeiperimenti  made  upon  ant nioniacal 
alum.  No  analysis  of  this  shIi,  he  states,  is  to  be  found  in  any  treatise  cA 
chemistry.  He  ohierTes  also  that  a  knowledge  of  its  compositioii  is  iicceasaij 
iomuke  aa  exact  uialyiisnf  the  different  vai-ietifes  nf  alum,  some  of  which  cottf 
taiD  a  <iiisiitity  of  thi»  mil,  eiptciully  those  which  are  not  manufactured  ia 
£rauce.  U«viuj(  purified  iheaniuwniacalalum  of  commerce  by  repeated  ci^s^ 
tallizaliiias,  so  as  to  free  it  from  iron,  it  was  dried  by  exposure  to  the  airj 
■13  gr.  420  of  this  salt  were  first  gently,  and  afterwards  atroiigly,  heated  in, a  pl»« 
i^B  crudble  f<ir  aa  Itotir  and  a  half;  the  residuum  was  pure  alumina;  it 
weie'ied  1  ^r.  fiOS,  equal  to  ll'g44  per  ceut.  On  repeatine  the  experinient,  tb* 
^umina  amcwuted  to  11869  per  ceut. giving  a  mean  oril-906  per  cent,  of 
alpmiiin  in  ammouiacal  aluui. 

To  determine  the  quautity  of  sulphuric  acid,  a  solution  of  fi  gr.  392  of  lh« 
alum  was decirinposed  hy  muriate  uf  haiytes;  the  sulphate  weighed  T  gr.  OlO, 
-—  3  i;r.sa4r  of  sulphuric  acid,  or  S6-i04  per  eeat.  This  expenment  on  rep»- 
t*linDgaieS5-991perceat.  orHm*anof30'O4S. 

U.  It iffault  concludes,  that  iu  the  amiuoaiacal  alum  11-906  of  alumina  or* 
combined  with  20-979  of  sulphuric  acid,  the  renMiniog  9063  of  the  acid 
uniting  with  3  898  uf  ammonia.  The  composition  of  ammoniacal  ahim  b«^ 
tWetbre,  states  to  be ; 

Sulphate  of  ammonia 13-961 

1 alumina 38  88S 

WaDer 1 48-134 

100-0()& 

■    The  atomic  constitution  of  this  salt  be  considers  as 

Ona  atom  of  sulpliate  of Mnnramn 7167  ....   l-S-SSft 

Three  atoms  ol  sulplmteoi^uluniua 21669  ....  38816 

Twenty-four  atoms  of  water ■....   269-88  ....   48  Sift 

5S8'S4       ioe<o0a 

'  In  the  neil  number  of  the  Aitnali  I  shall  probably  state  the  result*  of  mow 
(liperiments  n-hich  i  have  made  on  alum,  iuclndiug  the  amrlrotriat^aluDiabaTtL 
■tebtionad. 

III.  Sulphate  t^  iTtdigo  ata  Ttil  to  determine  t^  Strength  ^Sotulion*^  Otf- 

tituriuie  of  hime. 

It  is  well-known  that  bleachers  who  employ  solution  of  oxymarMle(cblnride) 

of  lime,  are  iu  the  practice  of  determiniug  its  strength  by  (be  quantity  of  a  gin* 
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MriutiM  ef  solphaM  •rindiftd  *4iich  it  i«  es^Ueof  (tifr-barging.  Fron  moh- 
•sperinaent*  made  tm  this  Mlij«ct,  1  fiad  that  thi*  test  is  nut  by  any  sMau-Ut 
be  relied  upon,  in  will  appear  liif  tbe  follonii]^  statement; 

I  prppiired  lolutions  >il'  atymnnate  uf  lime  and  lulpbate  of  indigo  of  Bueh  a 
AeKPee  ut  srrength  that  equal  measures,  when  mixed,  destcu)^  tbe  coloaroftter 
indigo.  I  then  diluted  the  solution  of  uxjauriiitB  of  lime  in  the  fuUowiag  pvM 
poraoni,  and  with  tbe  anaoKet)  results  ; 

reofaulatioDoroxirmuriateorLime, 

«  of  water,     This  mixture  destroyed  Uiecolour  of  IfthneMU* 
of  Bolutiiin  of  indigo. 

One  measure  ursolurion  ofox  jmuriale  of  lime, 
.   TKree  measureBof  water ;  dcBtmyad  tbe  colour  of  IJ  measure  of  sdntiea  of 

.    UiiB  measure  of  tolution  ofonymuriaie  of  lime. 

Seven  mea  Buret  of  water.  This  discharged  tbe  colour  of  1^  Dieuure  of  s<da> 
timofiiid>!>u. 

It  appears,  I berefiins  lliat  by  mere  dilation,  the  diicharKiiig  |>eweroroiyaMii> 
riate  of  lime  is  much  iucreased  i  aii  equal  quantity  of  water  raising  its  paiaav 
«B»-fit'tb,  tbree  times  iubult,  oua-burth;  wid  seven  timeaits  quantity, foae* 
tantbs. 

Dr.  [Jenry.to  whom  I  mentioned  these  fBcIs,accau(ited  fur  tbem  (if  IrettMlb* 
bSr  ri^hiiy)  by  uipposintt  that  when  the  coHceutrated  Bolutiou  oroxyosuriate  of  ' 
Kme  is  used,  the  sulphtuic  a«d  of  the  sulpliate  of  indigo  eapela  &  portMm«f 
chlorine  in  thesiate  of  gas,  and  which  hab  no  action  upon  the  oulouiing  roatteK 
J  think  it  is  worth  the  cotttideratiuu  of  bleacliers,  whether  soiae  eukmred  boIim 
don  euuld  not  be  adopted  free  from  this  ambiguity;  for  it  miiat  be  evident  tbat 
tbe  bleacbii^  power  6f  the  oxymuriale  is  nut  accurately  expreated  by  thU'«f 
IN  dischargiiig  tlie  colour  of  sulpbale  of  iitdi)^.  A  standard  lolution  of  coebW 
»*bJ  might  be  made  aad  preserved  by  common  aalt ;  atleaiitl  have  •odoabC 
i(.niay  he  so  kept,  for  I  find  that  blue  vegetable  iofusimis  used  ju  tests  for  Btate 
and  alkalies  ere  very  perfectly  preserved  by  it, 

IV.  OatheApplKalMti  ef  Cheamtt*  tf  Luid,  to  SiOt,  Woollen,  Linen,  OMf 
Collon.  By  M.  J.  L.  Lasiaiffie. 
The  colouring  mailers  which  were-fbrraerly  ftxed  upon  cloths  were  derived 
^m  oi^Buiied  matter;  none  were  supplied  by  the  mineral  kingdom,  olthougli 
so  nch  ID  colouring  combinations  usnlieralile  by  the  air;  aiid  it  is  or.ly  within  a 
a  few  years  that  some  of  these  miueral  pruductiuns  have  been  applied  to  the  art 

M.  Raymond,  of  Lyons,  was  the  (iist,  who,  by  a  process,  equally  simple  and 
ingenious,  liied  prussiati  blue  upon  silk,  and  gave  to  the  art  of  dyeing  a  bcil- 
hant  and  unchangeable  colour- 
Last  year,  M.  Braconnot,  of  Nancy,  by  applying  sulphuret  of  arsenic  (orpt^ 
□lent)  lo  cloths,  procured  a  yellow  colour,  but  less  durable  than  the  former. 

In  tlie  course  of  some  etperimeuts  upun  ohromate  of  lend,  I  sui^ceaded  IH 
combining  this  salt  with  alJ  cloths,  by  a  process  similar  to  that  which  M.  Raj> 
mond  employed  Co  dye  silk  with  prussiate  of  iron. 

After  having  immersed  well-cleaned  skeins  of  silk  for  a  quarter  of  ah  hour  in 
a  weak  solution  of  sabocelaie  of  lead,  I  took  them  out,  and  washed  them  in  a 
Ui^  quantity  of  water;  the  object  of  this  preparation  was  tn  combine  the  silk 
with  a  certain  quantity  of  aubacetate  uf  lead.  These  doihs,  tli us  prepared, 
*ere  afterwards  immened  in  a  wtak-ablutkin'tif  neutral  chromate  of^potash,* 
tkffliwk  a  GnayelloH  colour,  whiphconijaued  to  ihcfoase;  atlhecod  trf.ten 
■tiuMes,  tbe  efect  ceasod,  llias  is  lo  bh^,  tha  skains  of  silk  bad  reoeivedtb* 
maximum  of  colour,  which  could  beyiolded  by  tlte  qnaDtiif  of  •abaoetAtf 
tfiload  with  nhsoh  tboy.  wvb  oomlwed  I  they  «wra  tben  waahed  aari'diivd- 

"Tiie  tMa&Kx  oT'iittfvr  duomMt'  cf'inm,  dttOmpaeed  by-ttitnitv-cif  pMrib,.*! 
IMnted  with  niuk  add,  may  bewKpUyed  wMe^MnMafa.- 
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Ihii  colour,  like  those  snpplM  bj  the  roin'ral  kingdom,  ou  UDaltonUe  hy 
«i|i<Hare  tu  the  air;  by  varyiti;;  the  proportion!  of  mib-ncettite  of  lead,  apch 
cbromate  of  potash, tint*  varying  from  pa^  to  deep  jellnw  may  be  obtained. 
y  The  tame  process  is  applical'le  tu  woollen,  cotton,  aud  linen ;  bnt  it  is  better  . 
to  digest  these  difiereot  cloths  in  a  solution  of  acetate  of  lead,  heated  to  about 
130°  of  Fahrenheit. 

From  the  inconveniencB  nhich  this  colour  possesses  a*  well  Mlberoniier,af 
being  partially  decomposed  by  soap,  I  am  of  opinion  tbM  it  can  be  employed 
only  fordyeing  silk,— ^ Aon.  de  C him.  vol.  xv.  p. 77.) 

V.  Proceu/or  procuring  pure  Zircoaia. 
■  Powder  the  zircons  very  line,  mix  them  wiili  tno  parts  of  pare  potash, 
and  heat  tlirm  red  hot  io  a  silver  crucible  fur  an  hour.  I'reat  the  substancci 
obtained  with  distilled  water,  pour  it  on  a  filler,  and  wash  the  instJubie^rt 
well;  it  will  be  a  compound  of  zirconie,  silex,  potash,  onduiide  of  iron.  Dia-. 
solve  it  in  muriatic  acid,  and  evapurnte  to  dryni'sa,  to  septirate  the  silex.  Re- 
diisolve  the  muriates  of  zircuniaaiid  iron  in  water;  and  to  separate  the  zirco- 
nia  whicli  adheres  to  ihe  silex,  watli  it  with  weak  muiiatic  acid,  and  add  it  to 
the  fiJutioii.  Filtpr  the  fiuid,  and  precipitate  the  zircunia  and  iron  by  pure 
ammonia ;  wash  the  precipitates  well,  una  then  treat  the  hydrates  with  oxniie 
add,  hoiliiig  them  well  together,  that  the  addniay  act  onlheiroii,  retainingitin 
solution  whiht  an  insuluhle  oialaie  of  zirconia  Is  formed.  It  is  theo  to  be 
filtered,  and  the  oxalate  washed,  until  no  iron  can  be  delected  in  the  water  that 
passes.  The  earthy  oxalate  is,  when  dry,  of  aii-opaUne colour;  after  beii^  well 
washed,  it  is  to  be  decomposed  by  heat  iti  a  platinum  crucible. 

Thus  obtained,  the  zirconia  is  perfectly  pure,  but  is  not  oSectMl  by  acids.  It 
•Riit  be  reacted  uiv  by  potash  as  before,  and  then  washed  nniil  the  alkali  is 
Mfnuved.  Afterwards  dissolve  it  in  muriatic  acid,  and  precipitate  by  ammonin. 
Tbt  hydraie  thrown  down,  when  well  washed,  is  perfectly  pure,  and  etoity 
•olublem  acids.— (MM.  Dubois  and  Silveira,  Aon.de  Cliim.vol.  viv.  p.  110.> 


Article  XVI. 
NEW  SCIENTIFIC  BOOKS 


Shortly  will  be  published  A  Series  of  Questions  and  Answers  In  the  Practice 
ofPliysic,  Miileria  Medica,  tec.  written  for  the  Use  of  Geutlemen  preparing  fbf 
dieir  Examination  at  Apothecaries' Ball.     By  C.M.Syder,  Surgeon. 

Mr  Arrowsmith  has  neiiriy  ready  for  publication,  A  M.ip  of  the  Constella- 
tions, in  two  large  sheets,  nccompuoied  hy  a  memoir. 

Shortly  will  be  published,  1  he  Principles  of  Foreign  Medicine,  explained, 
iUuEtrate'd.and  applied  to  British  Practice.     By  J.  G.  Smith,  MD. 

Dr.  Kamsbottiim  Jibs  nearly  ready.  Practical  Observations  on  Midwifery^ 
with  a  Selection  ofCases. 

.-  Dr.  Ayroia  priiitii»;  n  new  edition,  with  additions,  of  his  Practical  Observa- 
tions ou  Disorders  ofiha  Liver.  ., 


A  Systemof  Chemistry,  in  Four  Volumes,  8*o.  By  Thomas  TbonisoD,  MD. 
K«t^us  Professor  of  Chemistry  in  the  University  of  Glasgow,  fcr.  &c.  Sixth 
Xthtion,  revised  and  corrected  throughout.     Price  3'.  boards. 

A  Dissertation  nn  the  Trearment  of  Morbid  Local  Affections  of  the  Nerrct. 
Bj  Josepii  Swan.    8vo.     lOl.  6d. 

:  A"  £uay  on  the  Diagnosis  hetweeu  Eraufelas,  Pbje^on,  and  ErjtthMMk 
By  George  Hume  Wcatherticad,  MD.,  8vo;    U.  i 
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ThePharmacopcEiaortheRoTHlColle^ofPhysiciaiisorLondon,  1809,  liU-' 
TttlN  iranslated  by  Geoi^  Fred'.  Collier,  Surf^eoii.     8vo.     lOi.  fid. 

Elements  of  Chemiatnr,  with  its  Application  to  explain  .the  PheDomem  of 
NaTure,&o.     By  James  Millar,  MD.     8vo.     19s. 

Sound  Mind,  or  CunlributionB  to  the  Natural  Historj  and  Phjrsiolog;  of  the 
HuiDun  Intellect.     Bj  J.  Uaslam.     8to.     7<- 

Practical  Treatiie  on  the  Diseases  of  the  Eye.  Bj  John  VeMh,  MD.  8ro 
lOi.  ed. 

A  Treatise  on  Mildew,  and  the  Cultiiation  of  Wheat,  inclading  mauj  Agri- 
coltaral  Hints.     By  Francis  Blaikie.     If.  6tf. 

Ifie  Botanical  Caltivator,  or  Inscructioas  for  the  Management  of  PlaiRiwdk 
tivatnl  ia  the  Hot-Huuses  of  Great  Britain.  By  Uobert  bireet,  FLS.  8vo. 
lOi.  6d. 

Gri^enthnaite'e  Nen  Theory  of  Afiricultiire,  in  nhich  tbe  Katnreof  Soilsr 
tec. ia  explained.     By  J.  C.  Curwen,  Esq.  MP.     8vo.     5i. 

View  of  the  Intellectual  Powers  of  Man,  with  Observations  on  their  Cultw 
vation,  adapted  to  the  present  State  of  this  Ciiuatry,     8vo.     it. 


Article  XVII. 


NEW  PATENTS. 

William  Acratnan,  Jun.  and  Daniel  Wa^e  Acraman,  of  Bristol,  for  improy^-- 
■nenta  in  the  processei  of  formiog  the  matGrials  for  manufaanring  chains  aait 
chain-cables.     Oct.  16,  1830. 

Joseph  Main,  Esq.  of  Bagnio-court,  Newgate-street,  London,  lor  impTore— 
ments  on  wheeted-carringes.     Oct.  30. 

James  Richard  Gitmour,  of  King-street,  Sou  thwark,  and  John  Bold,  of  Mill- 
pond  Bridge,  Surrey,  for  improvements  on  printing-preues.     Oct.  SO. 

Thomas  Prest,  ofChigwell,  Essex,  for  a  new  and  additional  movement  to  a- 
watch  to  enable  it  to  he  wound  up  by  the  pendant  knob,  without  any  detached' 
lev  or  winder.    Oct.  90. 

Jobn  Bickinshaw,  of  Bedlington  Iron  Works,  in  the  county  of  Durham,  fiit- 
ItnpntTeinenu  in  manufacturiiig  and  construction  ufa'wrhugbt  or  malleable  iroifc 
iwl  road  or  way.     Oct.  93. 

William  Taylor,  of  Wednesfaury,  Staffordshire,  fumace-woritar,  for  an  im-- 
proved  furnace  for  smel  ting  iron  and  otberores.     Oct.  9.S. 

Thompson  Pearwin,  of  South  Sliields,  fbrnnimprovementonrudders.  Nor.  1. 

Henry  Lewis  Lobeck,  of  Tower-street,  London,  lor  an  improvement  ilk  tbo- 
processofmahing  yeast.   (Commnnicnted  by  a  foreiener  to  him.)     NoV.  1. 

Samuel  Wellm an  Wright,  of  Upper  Kensington,  Surr^,  for  a  combination  in 
inacbinery  for  making  bncks  and  tiles.     Nov.  I. 

Peter  Hawker,  of  Long  Parisli  House,  near  Andover,  for  a  machine,  instrl^• 
ment,  or  apparatus,  to  assist  in  the  proper  performance  on  the  piano-forte,  or 
<Kber  keyed  mstruments.     Nov.  1. 

Thomai  Bonsor  Crompton,  of  Farmnorth,  lAncasler,  for  an  improvement  in 
4ntng  and  hnishing  paper,  by  means  hitherto  unused  fur  that  purpose.     Nov,  t. 

William  Switl  Torey,  of  Lincoln,  for  certain  improvements  in  drills,  to  bo 
jXSxed  to  ploughs.    Nov.  1. 

John  Winter,  Esq.  of  Acton,  Middlesex,  for  improvements  on  chimney'Cap^ 
and  in  the  applicatioo  thereof.     Nov.  7. 

.William  Carter,  of  St.  Acnes  Circus,  Old'street  road,  printer,  for  iroprov»- 
vents  in  steam-engines.     Nov.  11, 

-.Tl^ipas  Dyson,  of  .Abbey  Data,  SheiEeld,  for  an  improntnent,  or  improro* 
/aeotiofplaneininsand  tuniingchis«l(.    No*.  11,  ■■■    '  , 
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Article  XVIII. 

Astronomical,  Maenetical,  and  Meteorological  OlaifvatiblUm 

By  Col.  Beaufoy,  F.R.S. 

Bushey  Heath,  mar  Stanmore. 

Luitude  910  37'  44.3"  Notth.     Longitode  West  in  time  1'  SO-ftS". 

Astronomical  Observations. 
of   JuidttO     flntf  1'   K}*   &1"  MiwiTbraMBtihif. 
Il    4S     18    McanTinuMQ '"^ 
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£fawirtA  MenA—l.  B^yi  a  fine  uch  of  On>M«mJM  ibetebtBg  &om  NT 
ta  8E,  uid  coloured  a  brig^it  led  b;  tin  icttiDg  iud.  2.  Dajr  ntr  ^^^  "iglit 
Ibggj.  S<  A  Tcry  thick  fog  in  the  moming.  4,  G.  Hoai-ftoM :  fbggy.  6.  Fine. 
1.  tHoaOj.  8.  Cloudy.  9,  10,  II.  Fiag.  13,  IS.  Bainf.  14.  Claud;:  wind;: 
kUtlla Diir about nooB.  16.  Chndyi  vnaahaiL  10.  WUt^AoL:  Mat.  n.Soow 
ntfw  in  the  irormng.  I S.  An  extmnelj  tbkh  f(^,  wiacb  remained  logit  of  tba 
maming.  About  t^i  o'clock  the  EOactuncn  on  the  Eoad  vent  unable  to  ace  the  heada 
of  their  horaea,  vbich,  in  many  innanwt,  «ere  obliged  to  bv  led.  19.  Tat. 
SOJ  Cloudy:  fine.  81.  -Vcry&ib  S9.  Ruay.  SS.  UanUog  very  Minjti  a  rainbo* 
ah4at  bdf-paat  one,  pitn.  84.  Cloufly.  25.  Fine.  86.  Fine.  87,  SS,  S9,  Sa 
dqudy. 
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PHILOSOPHY. 


FEBRUARY,  1821. 


Article  I. 


BeseorcAcA  tuto  the  Mathematical  Principles  of  Chemical  Phih- 
sophy.     By  J.  B.  Emmett. 

(Cmmmud^^om  voL  iti.  p.  368,  Ptril  Striet.) 

Hull,  Da.  88,  IS«?. 
Radiation  of  Caloric.         "^ 

VfBES  amas&  of  matter  is  placed  ma  heated  medium,  it,  for 
«  definite  length  of  time,  is  receiving  heat ;  i.  e.  each  particle,  as 
t^Il  as  the  entire  mass,  by  prop.  6,  cor.  and  prop.  1 1,  Dy  attract- 
iiig  the  surrounding  cidoric,  becomes  encompassed  by  a  caloridc 
atmosphere,  which  is  of  uniform  density  in  each  part  of  the 
concentric  strata,  and  which  is  more  dense  than  the  atmosphere 
wbicb  is  produced  by  exposure  to  a  medium  of  lower  tempera- 
ture ;  durmg  this  time,  the  surrounding  Aiedium  experiences  a 
diminution  of  temperature  in  those  parts  which  are  in  the  vicinity 
of  tbo  cold  mass,  which  diminution  of  heat  contiaually  decreases, 
and  the  body  arrives  at  the  precise  temperature  of  the  surround- 
ing medium,  which  then  becomes  uniform  in  all  its  parts.  Tlie 
reason  why  the  temperature  of  thebbdy  and  of  the  medium  are 
uniform,  although  the  caloric  is  more  dense  in  those  parts 
vhich  are  near  the  qiass  of  matter  than  in  the  more  remote,  is 
endent;  for  by  temperature  is  to  be  understood  the  tendency 
which  caloric  has  to  escape,  or  its  sensible  elastic  force  :  now 
the  increased  elastic  force  of  a  calorific  atmosphere,  arising  from 
if«  increased  density,  is  in  part  counteracted  and  opposed  oy  its 
tendency  to  the  attracting  body,  and  the  pressure  of  all  thp 
superior  strata;    its  Bensiole  elasticity  must  be  precisely  ths 
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same  as  that  of  the  eurrounding  calorific  medium;  for  if  it  be 
greater,  caloric  will  flow  from  the  body  into  the  surrounding 
medium;  if  less,  to  it ;  consequently,  when  a  mass  of  matter  is 
placed  in  a  heated  medium,  it  will  continue  to  absorb  caloric 
until  the  sensible  elasticity  of  its  calorific  atmosphere  is  precisely 
equal  to  that  of  the  surrounding  caloric ;  under  which  circum- 
stances both  the  body  and  the  medium  will  have  an  equal  effect 
upon  the  thermometer.  The  elasticity  then  of  the  CEdoric  only 
can  have  any  effect  upon  the  thermometer ;  for  whatever  be  the 
quantity  absorbed  by  the  body,  the  thermometer  will  experience 
me  same  decree  of  elevation,  whether  applied  to  the  medium,  or 
to  the  body  itself. 

Let  now  the  mass  of  matter  thus  heated  be  brought  into  a 
medium  of  lower  temperature :  it  is  now  evident,  prop.  6,  cor. 
and  prop.  11,  that  the  sensible  elastic  force  of  the  calonfic  atmo- 
sphere will  exceed  that  of  the  surrounding  medium ;  the  caloric 
will,  therefore,  have  a  tendency  to  diffuse  itself:  there  are  three 
diflerent  circumstances  under  which  this  may  take  place. 

Case  1. — Suppose  a  warm  solid  to  be  brought  into  a  medium 
of  absolute  cold,  in  vacuo,  and  entirely  beyond  the  attracting 
force  of  any  other  form  of  matter;  one  force,  viz,  the  elastic 
force  of  the  surrounding  caloric  being  removed,  the  calorific 
atmosphere  of  the  body  will  have  a  tendency  to  enlarge  its 
dimensions;  and  since  the  density  of  the  several  concentric 
'strata  is  uniform,  it  must  move  in  light  hnes,  which  meet  in  the 
centre  of  the  body  (supposed  spherical),  which  radiation  of  heat 
will  continue  until  the  density  of  the  lower  strata  is  so  far 
reduced  as  only  just  to  balance  the  pressure  of  the  superior  rare 
ones,  when  the  atmosphere  becomes  quiescent  in  all  iis  parts  ; 
in  this  case,  therefore,  the  radiation. of  caloric  arises  entirely 
from  the  motion  into  which  tlie  calorific  atmosphere  is  put  by 
the  removal  of  the  elastic  force  of  the  surrounding  caloric.  The 
caloric  cannot  leave  the  body,  since  there  is  no  other  form  of 
matter  by  which  it  can  be  attracted. 

Case  2.— Suppose,  that  instead  of  being  placed  in  absolute 
cold,  the  warm  mass  of  matter  is  brought  into  a  jnedium  having 
a  lower  temperature  than  that  to  which  the  body  was  exposed ; 
the  other  circumstances  remaining,  the  calorific  atmosphere  will 
dilate  itself,  its  parts  moving  in  right  lines,  which  will  continue 
until  the  diminished  density  of  the  lower  strata  balances  the 
elasticity  of  tlie  surrounding  caloric,  and  the  pressure  of  its  own 
superior  strata,  when  the  radiation  ceases.  In  both  these  cases, 
the  quantity  of  caloric  contained  in  the  atmosphere  of  the  body 
is  precisely  the  same ;  viz.  that  which  it  had  at  its  highest  tem- 
perature. 

Case  3. — Suppose,  in  addition  to  either  of  the  other  cases,  that 
jnasses  of  matter  are  placed  within  the  calorific  atmosphere, 
having  a  lower  temperature  than  the  parts  of  the  atmosphere  in 
which  they  are  placed.    The  calorific  atmosphere  will  have  a 
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tendency  to  dilate  itself,  as  before,  and  at  the  same  time  its 
quantity  will  be  diminished  by  the  attractive  force  of  the  matter 
in  its  vicinity ;  the  atmosphere  can,  therefore,  only  become 
quiescent,  when  the  requisite  equilibrium  of  the  two  former  cases 
is  attained,  and  the  surrounding  bodies  have  arrived  at  the  tem- 

Eerature  of  the  parts  of  the  atmosphere  in  which  they  are  placed, 
luring  this  operation,  a  current  of  heat  must  flow  from  the 
heated  to  the  cooler  mass,  which,  at  its  several  distances  from 
the  heated  body,  will  have  the  same  density  as  the  equidistant  . 
strata  of  the  atmosphere.  Hence  the  colder  the  body,  which  is 
absorbing  the  heat,  is  made,  the  more  rapidly  will  the  other  lose 
its  heat.  Also  of  bodies  equally  cold,  those  which  have  the 
greatest  capacities  for  heat  cool  the  other  more  than  those  which 
have  less  capacity. 

These  three  phenomena  explain  many  of  the  primary  proper- 
ties of  radiant  heat.  When  bodies  of  equal  magnitude  and 
figure  are  heated  to  the  same  degree,  then  brought  into  a  cooler 
medium,  those  which  have  the  greatest  attraction  for  heat,  by 
prop,  a,  cor.  will  be  surrounded  by  atmospheres  of  the  greatest 
density,  and  consequently  at  equal  distances  from  the  surbce, 
will  cause  the  greatest  elevation  of  the  thermometer ;  if  black, 
and  generally  dark  coloured  bodies  be  supposed  to  attnict  heat 
more  than  tnose  that  have  a  lighter  colour,  this  will  exactly 
coincide  with  the  observed  phenomena ;  for  if  surfaces  equallr 
heated,  and  of  equal  magnitude  and  form,  he  one  covered  with 
lamp-black,  another  with  red-tead,  and  another  with  tin-plate,  at 
equal  distances  from  these  surfaces,  the  effects  produced  upon 
the  thermometer  will  be  neariy  in  the  proportion  of  the  numbers 
300,  80,  and  12  (Davy's  Elements,  p.  209);  which  is  explained 
by  supposing  the  attraction  for  heat  of  the  lamp-black  to  be 
greater  than  that  of  red-lead,  and  this  greater  than  that  of  tin- 
plate.  It  appears  from  prop.  6,  cor.  and  prop.  II,  that  this  wiH 
not  be  the  order  of  their  several  capacities  for  heat ;  coose- 
quently,  if  equal  and  similar  masses  of  the  same  matter  be  equally 
heated,  and  have  their  surfaces  differently  coloured,  those 
which  have  the  darkest  colour  will  part  with  their  heat  in  less 
time  than  those  which  are  lighter  coloured,  or  polished. 

The  cause  of  the  reflection  of  heat  may  ■ 
now  be  easily  explained.     Suppose  A,  fig.  1, 


to  be  a  heated  body  placed  in  a  cold  me-     rr  '9i 


dium,  its  calorific  atmosphere  tends  to  en- 
lai^  its  dimensions,  or  to  dilate  itself,  moving 
in  right  lines  from  the  centre  of  A.  If 
it  be  placed  in  the  focus  of  a  parabolic  mirror  B  C,  which  is  of 
such  a  nature  as  to  have  feeble  attraction  for  caloric,  after 
impinging  upon  this  surface,  it  will  rebound,  or  be  reflected ;  and 
wnce  the  angle  of  incidence  is  eq*ual  to  the  angle  of  reflection, 
by  the  property  of  the  parabola,  these  incident  calorific  ray* 
f2 
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,viU  be  reflicted  paiellel  to  each  other  as  B  D,  C  E.  If  the* 
•iaU  upon  aQOtber  similar  mirror  D  E,  whose  axis  coincides  witA 
.Ahat  of  B  C,  they  »eet  aad  are  conceotrated  in  its  focus  F  :  if, 
Uurefore,  a  thermometer  be  placed  in  the  focus  F,  it  will  incU- 
.sate  a  temperature  superior  to  that  of  the  surrounding  medium, 
which  process  must  continue  until  A  is  cooled  to  the  temperature 
of  the  BuirouDding  medium,  whea  the  radiation  ceases.  If  A 
liave  the  temperature  of  the  Burrounding  medium,  and  F  be  a 
cold  mass  of  matter,  as  a  frigorific  mixture,  A'will  esperience  a 
duoinutioQ  of  temperature,  which  pheaomeuon  has  often  been 
absurdly  termed  die  radiation  of  cold,  and  is  produced  as  fc^ 
lows :  F,  having  a  temperature  below  that  of  the  surrounding 
medium,  will  absorb  caloric  from  it,  until  the  temperatures  become 
the  same.  During  this  oper&tion,  F  attracts  towards  its  centre, 
vbich  is  the  focus  of  the  mirror  D  E,  the  caloric  from  the  sur- 
rounding medium.  Now  it  is  easily  proved  from  the  principtea 
«f  mechanics,  that  the  particles  of  caJ^ric  being  mutually  repel- 
Jflnt,  the  only  rays  that  can  impinge  upon  the  mirror  D  £,  so  at 
to  flow  in  succession  to  the  focus,  are  such  as  make  the  angle 
of  incidence  equal  to  the  angle  c^  reflection,  which  property, 
.from  the  nature  of  the  parabola,  belongs  only  to  the  parallel 
says  B  D,  C  E,  &c.  whence,  by  reason  of  the  attraction  of  F  foe 
Oi^oric,  it  flows  from  the  parts  B  C,  Sac.  in  parallel  tines  to  DE^ 
tec.  and  for  the  same  reason,  that  the  equilibriun^  of  the  medium 
may  be  preserved,  must  flow  from  A  in  divergent  rays,  imping 
iug  upon  B  C ;  wherefore  the  temperature  of  A  will  be  reduced. 
II,  therefore,  A  be  a  delicate  tliermometer,  it  will  indicate  a 
temperature  below  that  of  the  surrounding  medium.  These  twa 
phenomena  of  the  radiation  of  heat  txe  only  modilicationa  of  one 
l^neral  principle:  io  the  first,  the  cdoric  is  put  into  motion, 
Secause  the  body  is  exposed  in  all  directions  to  a  medium,  hav- 
ing a  lower  temperature  than  its  own ;  in  the  second,  to  a  medi«iB 
which  is  cooler  in  only  one  of  its  parts. 
,   If  the  mirrors  be  of  such  a  nature  as  to  absorb  a  considerabW 

auantity  of  the  incident  caloric,  the  reflection  of  heat  is  in  part 
estroyed  ;  for  then  the  mirrors  become  heated,  and  instead  of 
reflectmg  the  heat  in  parallel  lines,  or  to  their  foci,  the  calorie 
radiates  from  each  point  upon  their  surfaces,  as  from  a  centre ; 
consequently  little  or  no  efiect  will  be  produced  in  their  foci. 
3%e  same  attains,  if  a  thin  ti'ansparent  lamina  be  placed  between 
them,  which  has  a  powerful  attraction  for,  and  readily  absorbs, 
the  incident  caloric,  which  explains  some  phenomena  which  arise 
when  plates  of  glass,  &c.  are  placed  between  the  mirrors. 

CrystalUzaiiott. 
,   It  will  be  propel  first  to  premise,  that  the  particles  which 

Ctitnte  a  reg^ukr' crystal  must,  at  some  previous  time,  haw 
separated  horn  each  other,  either  by  the  repulsire  force  of 

UigniaObyGOOglc 


ITOl.]  Mathematical  Principles  of  Chemical  Philosophy,  88^ 
heat  alone,  or  by  the  agency  of  a  liquid  menstruum ;  and  it  is 
when  these  particles  again  ap[»'oach  to  contact  with  each  other 
that  they  arrange  themselves  in  some  particular  and  detBrminata 
order,  in  consequence  of  the  operation  of  those  forces  which' 
have  been  investigated.  It  is  well  known  that  crystals  of  pre- 
cisely the  same  substance  assume  a  great  variety  of  external 
forms,  arising  fi-om  the  external  circumstances  under  which 
they  are  formed.  We  are  perfectly  ignorant  of  the  causes  which 
determine  the  external  figure,  and  we  can  only  expect  to  be  able 
to  show  what  external  forma  may  result  from  a  given  arrange- 
ment of  particles ;  and  it  is  manifest  that  any  external  figure 
may  result,  in  which  every  external  particle  is  in  a  state  of  per- 
manent equilibrium,  or  quiescence,  which  may  easily  be  inves- 
tigated by  help  of  the  foregoing  propositions.  There  are, 
however,  many  peculiarities  which  cannot  be  examined  until  th» 
nature  of  chemical  union,  and  the  structure  of  compound  bodies, 
have  been  investigated. 

Prop.  12. — If  any  number  of  equal  and  similar  particlee, 
influenced  only  by  their  inherent  forces,  mutualhr  approaching- 
each  other,  ummately  come  into  contact,  they  will  be  symmetri-' 
cally  arranged. 

Let  A,  B,  C,  D,  fig.  2,  be  four  equa! 
spherical  particles  of  the  same  kind, 
which  are  preserved  in  contact  by  the 
force  of  cohesion,  they  will  form  a 
parallelogram  (prop.  10).  Let  the  two 
E,  F,  approach  to  D,  C ;  they  will  join 
themselves  in  such  a  direction  that  a 
parallelogram  will  result,  which  is  equian- 
gular wiUi  the  former ;  if  not,  let  them 

unite  differently;  and  by  prop.  10,  they  must  form  the  paral- 
lelogram C  B  E  F,  whose  major  diagonal  D  F  is  not  parEdiel 
to  tliat  of  A  B  C  D :  join  A  E,  produce  A  D,  and  from  E 
draw  E  G,  perpendicular  to  A  G.  If  A  E  represent  the 
force  with  which  A  and  E  mutually  attract  each  other,  it 
may  be  resolved  into  the  two  A  G,  G  E,  of  which,  A  G  tends  to 
bring  E  into  contact  with  D,  and  G  E  to  bring  its  centre  to  the 
line  A  G  ;  and  the  same  may  be  proved  of  the  particle  F ;  where- 
fore the  particles  E  and  F  will,  when  th^  join  D  and  C,  have 
their  centres  in  the  straight  lines  AD,  B  C,  produced,  or  the 
two  parallelograms  being  equal  wiU  have  their  major  and  mioor 
diagonals  respectively  parallel  to  each  other. 

Cor.— -Hence  crystals  are  always  t«rmiDited  by  straight  MaeB 
aod  plane  surfaces. 

Prop.  13. — Crystals  wiH  spUt  bo  as  to  have  a  smooth  fracture 
oBly  in  the  directions  of  the  rowa  of  particle,  and  th«ae  dirso- 
tionB  are  either  parallel  to,  or  make  a  determinate  and  constast 
an^  with,  eac^  other.     ■ 
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Let  E  Q  F  H,  fig.  3,  be  a  parallelogram 
formed  of  aymmetrically  arranged  particles ; 
if  split  in  tlie  directions  A  B,  or  C  D,  the 
surface  will  be  smooth  and  plane,  for  the 
reeitfting  force  of  cohesion  ia  constant  in 
«very  part  of  these  lines,  or  their  parallels, 
and  each  particle  has  to  be  separated  only 
from  one,  as  a,  c,  or  e,f;  but  in  any  other 
direction,  £  F,  each  particle  has  to  be  separated  from  two, 
as  a  from  b  and  c ;  therefore,  the  fracture  cannot  proceed 
according  to  that  line, but  must  follow  those  directions  in  which 
it  meets  with  the  least  resistance. 

Cor.  1. —  Hence,  in  an  irregular  fracture,  all  the  irregularities 
are  parts  "of  parallelograms,  having  the  constant  angles  E  G  F,. 
orGFH. 

Cor.  2. — Hence,  by  continual  mechanical  division,  a  number 
of  nuclei  maybe  obtamed,  which  are  all  eauiangular,  and  which 
are  similarly  situated  in  the  original  crystal. 

Cor.  3. — Since  all  the  fractures  of  crystals,  or  the  directions 
of  their  rows  of  particles,  are  parallel  to,  or  form  a  constant 
angle  with,  each  other,  eveiy  base  of  a  crystal  may  be  consi- 
dered as  a  parallelogram  which  wants  some  of  its  parts. 

Cor.  4. — Since  an^  number  of  such  bases  may  be  applied 
upon  each  other,  which,  by  prop.  10,  must  follow  the  same  taw 
of  arrangement  as  the  bases,  every  solid  crystal  may  be  consi- 
dered as  formed  from  a  paralielopipedon,  simitar  to  that  which 
is  obtained  by  the  mechanical  division  of  the  crystal,  by  remov- 
ing some  of  its  parts. 

We  may  now  proceed  to  examine  some  of  the  external  forms 
of  crystals,  and  the  first  part  to  be  investigated  is  the  construc- 
tion of  the  base,  or  that  surface  whicli  results  when  a  crystal  ia 
split,  quite  through  its  thickness :  these  are  of  two  sorts ;  those 
which  tiave  some  of  their  sides  parallel  to  the  directions  of  spUt^ 
ing,  or  to  the  sides  of  the  original  parallelogram,  and  those 
which  have  none  of  their  sides  so  posited.  Of  those  whicbhave 
some  of  their  sides  parallel  to  those  of  their  nucleus,  the  foUow- 
ingwillbe some  of  theprincipal varieties:  ABCD, 
fig.  4,  being  a  parallelogram,  composed  of 
particles  which  are  regularly  arranged,  E  F  and 
G  H,  which  are  parallel  to  its  sides,  are  the 
directions  of  spUtting,  by  prop.  13  :  the  paral- 
lelogram is,  therefore,  one  figure  which  the 
base  of  the  crystal  may  assume.  If  the  part 
A  B  C  be  removed,  the  external  figure  A  D  C  is  a  triangle, 
whose  angles  are  D  =  smaller  angle  of  the  figure ;  and  D  A  C, 
D  C  A,  each  equal  to  half  the  greater  angle  :  or  if  B  C  D  be 
removed,  the  resutting  triangular  base  has  the  angles  A  B'D, 
A  D  B,  each  equal  tolialf  the  smaller  angle  of  the  Ducleus,  and. 

Uigniecib,  Google 


1821.]     Mathematical  Principles  of  Chemical  Philosophy.       87 
A  the  larger  angle.     Each  of  these  will  split  into  a  number  of 
Bmaller  parallelograms,  in  lines  parallel  to  £  F,  G  H  ;  !ind  since 
the  smallest  visible  portion  (if  such  a  crystal  is  a  parallelogram, 
equiangular  with  A  B  C  D,  having  its  sides  parallel  to  the  aide» 
A  B  and  B  C,  either  of  the  crystals  A  D  C,  I)  A  B,  may  be  con- 
sidered as  formed  of  such  parallelograms,  in  which  constniction 
■we  observe  the  law  of  decrements  of  Haiiy,     If  a  smaller  tri- 
angle, 1  B  K,  be  removed,  the  resulting  figure  is  an  irregular 
pentagon,  A  E  K  C  D,  of  which  D  is  the  less  angle  of  the  paral- 
lelogram A  and  C,  each  equal  to  the  greater,  A  1  K,  E  K  C, 
each  equal  to  the  smaller  +  half  the  greater  :  or  if  a  triangle 
less  than  D  C  B  be  removed,  there  results  a  pentagon,  of  which 
the  angles  are  the  reverse  of  the  above.     If  the  triangles  EB  K, 
LDM,  be  removed,  the  resulting  figure  is  an  irreguUir  hexagon, 
of  which  the  angles  A  and  C  each  equal  the  greater  angle  of  the 
parallelogram,  and  the  other  angles  each  equal  the  less  +  half 
the  greater.     Other  hexagons  may  be  formed  by  removing, 
instead  of  the  above,  both  the  adjacent  angles,  or  one  of  the 
above,  and  one  of  the  adjacent  ones.     If  all  the  four  be  removed, 
we  have  an  irregular  octagon ;  and  in  the  same  manner,  several 
other  figures  may  be  formed,  as  trapezia,  &c.    The  other  clasa 
of  the  bases  of  crystals  are  the  most  abundant  in  nature :  of 
these,  the  following  are  some  of  the  prin. 
cipal  forms :  A  B  C  D,  fig,  5,  being  the 
parallelogram,  if  four  triangles,  E  B  H, 
H  C  G,  8tc.   be   removed,  so  that   the 
Btr^ght  lines  EH,  H  G,  Sec.  all  meet 
each   other,   since  the  particles   are  all 
equal,  the  resulting  figure  E  F  G  H  is  a 
rectangle,  by  the  nature  of  the  rhombus  ; 
and  its  directions  of  splitting  will  be  pa- 
rallel to  I  K,  L  M,  as  before  ;  this  form 

often  occurs  in  nature.  In  all  the  above  forms,  the  sides 
of  the  crystal  have  been  parallel  either  to  the  sides  or  the 
diagonals  of  the  original  parallelogram;  but  there  remains  a 
variety  of  forms,  in  which  this  is  not  the  case,  of  which  the  fol- 
lowing is  an  example :  A  B  C  D  being  the  parallelogram,  aa 
irregular  hexagon,  ab  c  def,  may  be  formed,  and  besides  this^ 
a  great  variety  of  quadrilateral,  pentagonal,  hexagonal,  &,c^ 
figures  aflpr  the  same  laws  of  decrement,  in  all  which,  every 
external  particle  is  one  of  an  entire  elementary  parallelogram  ; 
consequently,  prop.  10,  in  a  state  of  permanent  quiescence.  Ib 
all  tlie  above  varieties,  it  is  evident  that  these  bases  can  only  be 
split  into  equiangular  parallelograms;  and  hence  every  foria 
may  be  derived  immediately  from  that  figure,  hy  circumscribiog 
each  circle  by  a  parallelogram  similar  to  A  B  C  D,  and  having 
their  corresponding  sides  parallel. 

In  the  same  manner  we  may  proceed  to  examine  the  stnicturo 
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«f  Bolid  crystals,  which  are  evidently  formed  by  the  application 
of  the  aboye  bases  upon  each  other ;  and  in  tnis,  the  particles 
follow  the  same  order  of  arrangement  as  in  the  bases  themselves. 
Thus  ID  fig.  3,  by  the  application  of  a  number  of  equal  and 
similar  basea  upon  each  other,  is  formed  a  rhomb  :  if  the  bases 
decrease  continually  in  magnitude,  the  resulting  figure  is  a  qua- 
drilateral pyramid.  From  tig.  5,  results  the  cube,  quadrilateral 
Erism  having  equal  sides,  or  the  octohedron ;  from  fig.  5,  the 
exagonal  prisms  and  pyramids.  The  reason  is  novr  evident 
why  the  bases  of  different  crystals  are  so  variously  inclined  to 
flieir  sides,  for  the  base,  which  is  obtained  by  splitting  a  crystal 
entirely  through  its  thickness,  is  evidently  formed  by  the  union 
of  regular  rows  of  particles,  prop.  13 ;  so  that  having  given  the 
angles  of  the  nucleus,  its  position  in,  and  the  number  of  sides  of^ 
the  crystal,  it  is  easy  to  determine  its  entire  structure.  It  is 
obvious  that  what  has  been  said  applies  only  to  crystals  of 
simple  matter,  or  such  compounds  as  consist  of  particles  which 
have  the  same  magnitude.  When  the  nature  of  combination  has 
been  examined,  a  still  more  numerous  class  of  external  forms 
will  be  exhibited,  which,  together  with  the  former,  will  compre- 
hend almost  every  variety  found  in  nature,  by  the  arrangement 
of  spherical  particles  only.  It  may  be  objected,  that  the  angles 
of  crystals  should  undergo  a  change  by  the  application  of  heat : 
we  must,  however,  recollect  that  in  the  elementary  parallelognun 
the  smaller  angle  is  just  60*^  at  the  absolute  zero  of  temperature, 
in  a  simple  substance,  and  90°  at  most,  when,  on  the  point  of 
fusing ;  therefore,  only  a  very  small  change  can  be  expected  by 
even  a  very  considerable  variation  of  temperature ;  yet  from 
certain  experiments  thati  have  made  on  this  subject  with  some 
higUy  infusible  matters,  it  is  evident  that  this  change  does 
really  take  place  j  but  from  the  great  differences  which  exist  in 
the  cohesive  force  in  the  several  parts  of  the  same  crystal,  the 
effect  is  considerably  irregular.  The  results  of  these  experi- 
ments will  appear  at  a  future  opportunity. 

We  may  now  see  the  reason  why  alum,  most  of  the  metals, 
and  some  other  substances,  which  are  formed  in  masses  desti- 
tute of  any  symmetric  appearance,  by  slow  solution,  file,  prebcnt 
an  internal  crystallization,  as  has  been  fully  proved  oy  the 
researches  of  Mr.  Daniel.  * 

ITo  bt  contiiuiei.} 
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I'SSIJ        On  an  Apparatus  for  discharging  Ordnarue. 


AnncLB^  \l. 

Explanation  of  anApparatm,  suggestedbi/Col.  Yule,  for  discharg- 
ing Ordnance,  upon  Mr.  Forcyth's  Plant  and  an  Account  of 
so^  airious  Experiments  performed  vith  it.*  By  Mr.  John 
Deuchar,  Lecturer  oa  Chemistry  in  Edinburgh.  (WitlL.a  Plate.) 

It  is  proposed^  io  Uie  present  paper,  .firet  tp  expI^Q  ftn  apBar 
ratus  some  time  ago '  suggested  by-  Col.  Yule,  for  applying  Mr. 
Foroyth's  plan  to  the  discharge  of  QFjoanoe,  without  eit^w  iJie 
use  of  a  light,  or  the  usual  prime  ;  and  8«condl^>  to  give  a.  veiy; 
brief  account  of  several  experiments  wJiich  1  have  perfoiUu^ 
with  it.  .,.■,.-.         ..,'.; 

(I.)  The  apparatus  has  first  to  he  noticed :  it  is  very  simile. 
It  consists  of  a  thick  brass  tube  (see  Plate  III),  tig.  1,  A  B, 
15  inches  long,  which  is  tneant  to  represent  the  touchhole  of 
the  gun  ;  the  diameter  of  the  bore  of  this  tube,  fig.  6,  is  about 
the  18th  or  30th  part  of  an  inch;  it  terminates  at  the  top.  A,  in 
a  cap,  fig,  3.  d,  at  the  bottom  of  which  Uie  bore  of  the  tube  is 
divided  into  three  very  small  holes,  fig,  4,  to  prevent  the  powder 
UUng  into  the  wider  tube  :  into  this  cup  ab<iut  one.^^^  of  the 
oev  con^ouition,  afterwards  alluded  to,  is  put, .  vrhan  tite  appa- 
ratus is  to  be  used.  At  the  top  of  th«  apparatus,  is. a  bar  of 
brasK,  C  D,  which  at  the  one  end,  D,  turns  upon  a  joint,  and  at 
the  other,  C,  is  supplied  with  a  cap,  in  the  centre  of , which  is  a 
steel  projection  ornammer,  fig.  2,  e;  the  cap  covers- the  whole 
of  the  raised  part.  A,  at  the  top  of  the  tubQ,  A  B  ;  and  the.  ham- 
mer neady  fits  the  cup,  fig.  3,  d,  and  is  made  to  strike  tUtupOA 
Ae  bottom  of  it,  fig.  4,  d.  Between  the  joint  of  the  bar,  D,  aad 
&e  tc^  of  the  tube,  A,  is  placed  a  piece  of  cork,  I,  or  any  other 
elastic  substance,  to  prevent  the  steel  hammer,  e,  coming  too 
dose  upon  the  composition  before  it  is  struck,  and  to  make  it 
spring  back  again  after  the  discharge.  The  apparatus  is  united 
■^  the  top  by  a  frame  of  brass,  G  H,  which,  to  prevent  its  being 
injured  by  the  firing,  is  screwed  upon  anotherframe  of  wood, 
£  P.  The  tube,  A  B,  screws  into  four  pieces  ;  aad  it  was  into 
the  hollows  left,  a,  the  joinings  of  these,  (1,-A,  aodA  by  only  half 
screwing  them,  that  the  different  substances .  we  pat  which  an 
Hhced'jn  tJae  experiments. 

Explanation  of  Plate. 

^v.  \,  re[ri-89«nt8  the  whole  apparatus  on  a  scale  of  4-IOths  to 
I  boD, 

^S-  ^t  giveK  a  section  of  the  cap,  C,  and  ^teel  hammer,  tf 
iiAuw fltrnk^fr  t^^Hi  the  powder  at  the  top  (tfthe  tuba,  A'B. 
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Fig^.  3,  gives  a  Bection  oftbe  top,  A,  ofthe  tube,  and  the  cup, 
d,  for  lioldiDg  the  powder. 

Fig.  4,  shows  the  bottom  of  the  cup,  which  screws  into  A, 
From  below,  as  shown  in  fig.  3 ;  the  hole  through  the  tube  from 
B  to  A  divides  into  the  three  smaller  openings. 

Fig.  5,  shows  the  end  of  one  ofthe  divisions  ofthe  tube,  A  B, 
and  tne  size  of  the  screw  which  unites  them  at  a,  b,  and  c. 

Fig.  6,  shows  the  bore  of  the  tube  at  a,  b,  c,  and  B. 

Figures  2,  o,  4,  5,  and  6,  show  the  parts  of  the  apparatus  of 
the  full  size ;  and  for  fig.  1 ,  there  is  a  scale  given. 

I  may  mention  a  few  advantages  of  this  mode  of  firing  ord- 
nance of  every  description.  These  are  extracted  from  a  com- 
munication on  the  subject,  with  which  Col.  Yule  has  very  liindly 
favoured  me.     They  are  as  follows  : 

"  1.  The  instantaneous  inflammation  ofthe  whole  ofthe  pow- 
der contained  in  the  cartridge."  llie  expansion  of  the  aeriform 
fluids  produced  must  act  with  greater  force  than  in  the  old 
method  :  of  course,  less  powder  will  be  required  for  any  proposed 
result ;  and  as  none  ofthe  charge  is  forced  out  uninflamed,  any 
given  quantity  of  gunpowder  will  give  its  fullest  possible 
effect. 

"  2.  The  removal  of  all  danger  of  explosions  arising  from  the 
cartridges  and  loose  powder  coming  in  contact  with  lighted 
matches,  in  the  gun-decks  of  men  of  war  in  time  of  action." 
The  whole  process  is  performed  without  the  necessity  of  using  a 
match-light  of  any  description;  nor  is  there  any  inflamed  sub- 
stance forced  from  the  touch-hole  during  the  discharge. 

"  3.  The  removal  {in  a  great  degree)  of  the  inconvenience 
arising  from  the  accumulation  of  smoke  in  the  gun-decks  of  men 
of  war,  or  in  batteries  in  time  of  action."  In  the  proposed 
method,  there  is  not  the  slightest  production  of  smoke  at  the 
touch-bole;  and  as  neither  prime  nor  prime  tube  is  required,  it 
is  also  free  from  any  risk  of  accident  by  the  discharge  of  these, 
and  this  at  sea  is  a  considerable  advantage. 

"  4.  The  removal  of  all  iaconvenience  arising  from  the  prim- 
ing being  blown  away  by  high  winds,  or  washed  o£F  by  heavy 
rains,  or  the  shipping  of  a  sea."  The  cap  at  the  top  of  the  new 
apparatus  covers  the  touch-hole,  and  prevents  any  of  these 
inconveniences  ofthe  old  mode. 

"  5.  A  saving  of  the  whole  amount  at  present  applied  to  the 
manufacture  or  purchase  of  quick-matches,  priming  tubes,  flints, 
and  various  other  articles  now  in  use,  both  in  the  navy  and  in 
the  field." 

Another  advantage  of  this  mode  deserves  particularly  to  be 
noticed ;  namely,  the  rapidity  with  which  the  whole  is  performed. 
This  facilitates  the  execution  of  a  charge,  by  the  effect  being 
almost  instantaneous  with  the  pointing  of  the  gun :  it  also  saves 
the  time  at  present  spent  in  applying  priming  tubes,  or  trains  o£ 
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powder ;  for  with  Col.  Yule's  apparatus,  the  time  that  is  required 
u  very  trifling. 

(II.)  Having  now  stated  all  that  is  necessary  with  regard  to 
the  apparatus  itself,  it  remains  for  me,  in  the  concluding  part  of 
this  paper,  to  direct  the  attention  of  the  Society  to  several  expe- 
nments  performed  with  it,  which  present  rather  extraordinary 
results. 

At  the  request  of  Colonel  Yule,  I  commenced,  about  the 
beginning  of  July  last,  a  number  of  experiments,  with  the  view 
of  discovering  a  powder  which  should  never  miss  inflaming  the 
cartridge ;  and  I  was  fortunate  enough  to  hit  upon  one.  All 
tbe  usual  fulminating  powders  were  first  tried  without  success ; 
the  fulminating  mercury,  when  the  fifth  part  of  a  grain  only  was 
used,  rent  asunder  the  steel  plate  at  the  top  (marked  d),  and  yet 
did  not  reach  as  far  as  the  gunpowder  placed  at  B.  Some  of 
the  antimonial  preparations  were  found  sometimes  to  tire  thrf 
gunpowder,  but  they  left  a  cake  of  crocus  behind,  which  stop- 
ped up  the  holes,  and  could  not  be  easily  removed. 

The  following  substances,  and  a  variety  of  other  inflammables, 
were  used,  mixed  with  an  equal  weight  of  superoxy muriate  of 
potassa: 

Golden  sulphuret  of  antimony,  ■     White  lead. 

Black  sulphuret  of  antimony.  Litharge, 

Red  precipitate  of  mercury,  Orange  lead, 

Chinese  vermilion.  Flowers  of  zinc. 

Muriate  of  mercury.  Flowers  of  sulphur, 

Red  oxide  of  mercury.  Rosin, 

Ethiop's  mineral,  Gtim  arabic. 

Red  oxide  of  lead,  Gum  gamboge. 

None  of  these,  however,  produced  any  regular  effect,  and 
several  of  them  gave  no  inflammation  at  all. 

I  shall  now  add  a  list  of  powders,  all  of  which  occasionally 
pierced  the  flannel  at  B,  and  inSamed  the  powder  below  it : 
very  few  of  them,  however,  did  bo  twice  successively : 

1.  Superoxymuriate  of  potassa 5*0 

Sublimed  sulphur 2'0 

Charcoal  powder 1-0 

This  and  No.  3  are  the  worst  on  the  list. 

2.  Superoxymuriate  of  potassa 12-0 

Flowers  of  sulphur 4*0 

Charcoal  powder 2*0 

Gum  araoic  powder ;  ■     I'O 

IW  and  No.  9  are  fourth  best. 

3.  Superoxymuriate  of  potassa 18*0 

Flowers  of  sulphur , 3*0 

Gum  aralMC I'O 
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4.  Superoxymuriate  of  potassa 4*5. 

Flowers  of  sulphur 1-5 

Charcoal  powder 1*5 

Nitre 2-6 

This  ind  No8. 5  and  8  are  the  third  best. 

6.  Superoxymuriate  of  potassa 4*0 

Flowers  of  sulphur l-O 

Charcoal  powder I'O 

6.  Superoxymuriate  of  potassa 1*0 

Sufphuret  of  antimony I'O 

This  and  No.  7  are  fifth  best,  but  they  leave  a  hard  cake  of 
faxtcus  of  antimony,  which  adheres  very  strongly  to  the  appa- 
ratus. 

7.  Superoxymuriate  of  potasfta 1*0 

Sufphuret  of  antimony l-Q 

The  proportions  of  this  powder  were  taken  by  volume. 

8.  Superoxymuriate  of  potassa 2'0 

Dned  charcoal  powder I'O 

9.  Superoxymuriate  of  potassa 1*0 

Dned  charcoal  powder I'O 

10.  Superoxymuriate  of  potassa 3*0 

Dned  gunpowder 2-0 

This  M  the  best, 

11.  Superoxymuriate  of  potassa I'O 

Gunpowder,  in  fine  powder 1*0 

This  is  the  second  best. 

After  numerous  trials  with  these,  their  comparatiTe  regularity 
ia  producing  the  desired  effect  was  calculated  to  be  as  nearly  as 
possible,  as  has  been  noted  in  the  above  list.  But  I  found  that 
even  No.  10  was  not  so  uniform  as  was  necessary  for  Col.  Yule's 
object,  I  bad  now,  however,  almost  doubled  of  success,  wheq 
it  occurred  to  me  to  try  the  composition,  which  has  since  been 
found  to  succeed  for  more  than  100  successive  times,  without 
leaving  any  residuum  to  stop  the  firing.  Of  the  composition  of 
^is  powder,  and  some  cautions  necessary  to  be  attended  to  in 
its  preparation,  an  account  will  be  given  in  a  fub»e  paper. 

It  was  wiUi  this  powder  that  I  performed  the  experiments, 
which  presented  those  striking  cesiuts  of  nhich  I  have  now  to 
give  a  brief  accaunt. 

I  was  led  to  these  with  the  hope  of  ducidating  stilt  fiulher 
than  I  had  previously  done  a  particular  view  of  caloric,  of  which 
I  have,  for  six  years  past,  given  an  account  in  my  chemical 
classes.  1  availed  myself  of  the  use  of  Col.  Yule'a  apparatus  to 
commence  the  itnestigation,  and  i  amstBl  oeeopiecl with  it.  At 
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pfesent,  therefore,  it  is  only  in  my  power  to  notice  a  few  of  the 
ezperimeDts  in  a  detached  form. 

The  first  experimeDts  were  performed  by  firing  the  nev  cost- 
positioD,  using  about  one  grain,  or  rather  less,  at  each  tml, 
through  a  piece  of  cartridge  flannel  tied  over  the  hole  at  tho 
bottom,  B,  of  the  apparatus,  when  it  inflamed  a  quantity  of  gun- 
powder fixed  in  a  tin  case  below  the  flannel.  This  was  repeated 
ibr  many  successive  times  without  cleaning  the  apparatus,  and 
the  fiame  never  failed  to  pierce  the  flannel  and  fire  the  gB»- 
pewder. 

Should  this  succeed  as  regularly,  when  applied  to  the  gua 
itself,  there  could  remain  no  doubt  but  that  it  would  possess  all 
the  proponed  advantages.  There  was,  therefore,  fixed  to  a  hx> 
pounder,  an  apparatus  similar  to  the  (me  already  described, 
except  that  it  wanted  the  long  tube,  A  B,  for  which  the  priminc 
bale  of  the  gun  now  became  a  substitute.  It  was  charged  w^ 
cartridge,  and  in  several  of  the  trials  with  bail  and.cartridge^ 
and,  upon  the  same  experiments  being  repeated  with  it,  it  gave 
the  same  uniform  results. 

The  next  experiments  were  with  the  view  of  ascertaining  how 
the  results  stood  related  to  Sir  Humphry  Davy's  theory  regard- 
ing the  impervious  nature  of  wire  gauze  to  flame.  Wire  gauze, 
Mdifierent  degrees  of  fineness,  was,  in  successive  trials,  put  ia 
Ae  interior  of  the  joinings,  a,  b,  or  c,  of  the  tobe,  so  as  to  cover 
the  hole  completely.  When  the  coarser  wire  gauze  was  em- 
ployed, the  flame  was  found  to  pass  through,  and  Are  the  gun- 
powder ;  but  the  same  result  never  took  place  with  wire  gauze  as 
fine  as  that  used  in  Sir  Humphry  Davy's  safety  lamp,  unless 
wbeii  the  flame  seemed  to  have  burst  a  passage  through  the 

rie.  But  when  these  experiments  were  performed  without 
flannel  and  gunpowder  at  the  bottom,  B,  it  was  found  that 
Ike  flame  went  through  even  three  pieces  of  the  wire  gauze  at 
once. 

Ibe  next  experiments,  and  probably  the  moat  surprising  of  the 
lAole,  were  wi£h  gunpowder  placed  in  one  of  tne  division^ 
■,  h,  or  c,  of  the  apparatus.  In  some  of  the  trials,  I  found  that 
the  flame  had  passed  through  the  gunpowder  at  a,  b,  or  c,  witli- 
out  inflaming  it,  although  at  other  times  I  found  it  did  not 
do  so. 

This  at  first  speared  to  be  an  objection  to  the  proposed 
•pplication  of  the  apparatus.  But,  afler  repeated  trials,  1  found 
that  the  above  cunons  result  only  took  place  when  the  stroke 
•lithttK  hammer  was  slight;  for  when  a  smart  blow  was  given, 
inflammation  always  took  plaoe. 

In  afew  of  the  experiments,  I  put  gunpowder  at  two  divisioiv 
^aod  b),  and  found  that  the  flame  sometimes  went  through 
both,  without  firing  either  pration ;  at  other  times  one  portion 
was  inflamed,  and  one  left  unaltered. 

1>  peifonung  tiiese  experiments,  I  first  put  a  small  piece  of 
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flannel  upon  the  hole  at  the  joining  of  the  tube,  and  upon  this  I 
poured  toe  gunpowder,  using  two,  three,  four,  and  sometimes 
five  grains  at  once.  After  each  trial,  I  found  a  scorched  brown- 
ish mark  in  the  centre  of  the  flannel  about  the  size  of  the  hole  of 
the  tube. 

A  variety  of  experiments  were  also  performed  with  flannel, 
paper,  and  other  substances,  placed  between  the  joinings ;  in  aU 
which  cases  it  was  found  that  the  flannel  had  been  forced 
through,  generally  leaving  a  hole  in  the  substance  used ;  and  t, 
pale-coloured  flame  was  observed  to  dart  to  a  considerable  dist- 
ance below  the  bottom  (B)  of  the  tube. 

In  a  future  paper,  I  hope  to  have  the  honour  of  laying  before 
the  Society  a  fuller  account  of  these  curious  experiments.  In 
that  paper  I  propose  to  enter  upon  the  cause  of  the  results  which 
present  themselves  ;  and  more  particularly  to  attempt  an  expla- 
nation of  that  extraordinary  one  wherein  we  have  the  gunpowder 
lemoning  apparently  inert  to  the  flame  which  passes  through  it. 


Article  III. 

Summary  of  tlie  Magnetical  and  Meteorological  Observations^ 
during  a  Period  of  Three  Years  and  Nine  Months.  By  Col. 
Beaufoy,  F.R.S. 

(To  Dr.  Thomson.) 

MV  DEAR  SIB,  Bu^eff  HeaOx,  Slanmere,  Jan.  I,  ISSl. 

In  the  Annals  of  Philosophy  for  May,  1820,  you  did  me  the 
fevour  of  pubHshing  a  table  containing  the  monthly  mean  varia- 
tion of  the  magnetic  needle  for  three  years ;  and  in  the  letter 
accompanying  it,  I  expressed  my  opinion  that  the  maximum  of 
the  western  variation  at  this  place  occurred  in  the  month  of 
March,  1819.  With  the  view  ofdemonstrating  that  this  conclu- 
sion had  not  been  precipitately  drawn,  1  continued  the  observa- 
tions to  the  end  of  last  year ;  and  as  the  corresponding  monthly 
mean  variation  in  every  case  shows  a  diminution,  I  infer  that  th« 
variation  has  been  retrogade  for  the  last  31  months. 

In  the  latter  part  of  the  protectorship,  the  true  and  the  mag- 
metic  meridians  coincided.  If  24^^  4 1'  42",  the  greatest  variation, 
be  divided  by  162  (the  number  of  years  since  that  period),  the 
quotient  9'  09"  will  be  the  mean  annual  increase  ;  it  is  reasonable 
to  suppose,  therefore,  that  after  the  same  lapse  of  time  (from 
1819)  these  meridians  will  a^ain  coincide;  but  by  inspectdog 
Table  II.  it  will  be  seen  that  tnemean  annual  decrease  in  lieu ^ 
being  9'  09"  is  1'  57";  consequently,  an  acceleration  roust  take 
place,  or  the  supposition  is  erroneous. 

I  remain,  my  dear  Sir,  very  sincerely  yours, 

Mark  Beaufot. 
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Col.  Beat^vy't  Siatmary^thtMagtttticalaad    [Fkb.     { 


r  Moiu.M'^  34'   38' 

IS18.<  Nooii.84    43    as 

|_ 'E'en.  84     37     iO 


r|Moni.S4'>33'06"  f  IS.on.mo 31'  Itf 
1819.''  Moon.  34  40  59  1830.  ■{  Noon.  84  3S  M 
t|E.en.l84  34  43  |j  L|E'™-'«*  33  10 


Hc«n  AddiuI  Decmir,  I 


T&TLE  in.— Table  amtaMag  the  Mean  Moathiy  Dianui  Variatieti  if  ffo  JWV 
Mtic  Needle,  Mnwn  Mortdng  and  JVrMHi,  and  Ntxm  and  Svenhig,  for  Tkrm 
Yetrt  and  Nine  Stoathi. 


Honths. 
I«1T. 
Apil   'I 

»■;    f 

July     ■! 
Sept    ^ 


IAI8,  1819. 1819,  1890.  1619,  1880. 


,  E^y. 


1818. 


»oon.. 

I  E.en. . 
r  Mom.. 


Feb.     } 
Kucb-I 


S    3ti 
9    41 


9   n 

B    01 

4  in 

3    61 

1619. 

4,    18 

3    48 

5    38 

5    48 

8    S4 
6    85 

8    48 
5    48 

29 
9tl 

10 

3t 

45 

'S 

82 

10 

41 

OS 

11 

Cft 

54 
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TABI£  rv.~«ftii(%  MitamlegUal  Ttllc  cmioiaiag  ihe  Mton  HHghl  Of  the  £ 
Thermometer,  and  Hygrometer  IDe  Luc'i),  at  the  Hour  of  the  Morning,  tfooH,  and  Evmhig 
ObttrBOtioat  nf  the  Magnetic  Ifeeile.  Abe,  the  preoaUing  Wimdt,  QwuMy  of  Sfiim^^tf* 
raM«n,  and.Ihe  Mean  Hitt  of  aeh  MorOh,  bg  a  r^ular  Seriet  uf  <»ien:ation,  aithaSf^t 


ItoBdu 

B>n>m 

B»ron. 

E^u, 

rh«i. 

rher. 

rher. 

Hjg. 

Hjg. 

Hjg- 

Wind 

Riin. 

-p.£r 

IBIT. 

Iiidie: 

Inches 

Inches 

bich. 

Inch. 

'£ 

M'TTO 

89-786 

89*168 

48-T' 

48-8° 

45-0= 

6|-E= 

48-5'' 

S0-0<! 

NE 

J9SU6 

^9-869 

89-886 

50-1 

57-4 

50-8 

53-8 

58-9 

53-6 

SW 

39-410 

i9-48S 

89-439 

ari 

68-3 

68-0 

60-8 

58-3 

sw 

Jolj 

89-368 

i9-6IS 

S9-349' 

S6-7 

65-S 

69-4 

64-3 

55-8 

M-S 

SW 

59-S 

Axg. 

89-310 

!i9-3S0 

89-388 

57 -S 

6S-0 

59-1 

66-9 

54-6 

57-1 

sw 

S8-9 

fep'l 

89  516 

89-58S 

89-489 

56-4 

68-5 

5S0 

70-9 

S4-1 

90-9 

NE 

S8'l 

OCL 

89-541 

89-476 

43-0 

49-6 

65-4 

56-6 

NE 

M-% 

Not. 

29-518 

^'50) 

45*7 

51-8 

78'0 

68-0 

NE 

471 

D«. 

89-130 

«)-18l 

_    ■ 

35-4 

38-0 

— 

78-S 

660 

— 

8W 

— 

^ 

35-9 

1818. 

39-221 

89-887 

3T6 

41-8 

„ 

15-1 

68-8 

_ 

sw 

_ 

— 

31-9 

Feb. 

89-818 

99-866 

— 

38-8 

37-3 

14-3' 

6S-9 

SW 

34-9 

Much 

89-J54 

29-188 

89-487 

37-6 

43-6 

39-8 

57 -a 

51-4 

sw 

8330 

8-510 

2?"I 

B 

£9-841 

M-S»4 

89-888 

44-8 

49-9 

46-1 

68  9 

51-1 

550 

ME 

3-150 

8-590 

45-8 

89-393 

i»AKI 

89-433 

51-7 

50-0 

53-4 

58-8 

48-1 

47-1 

NK 

2-453 

3-770 

BB-fl 

99-597 

29-586 

89-610 

68-8 

71-5 

65-8 

43-1 

38-7 

37-5 

SW 

O-330 

6'J80  64-0 

89689 

89-681 

89-685 

e5-8 

73-3 

6H-) 

43-8 

33-8 

37 -T 

NW 

0-670 

7-015' 61-1 

89-685 

89-605 

89-61 1 

68-3 

68-8 

63-1 

41-3 

SO-4 

SS-8 

NW    0491 

7-030:68-5 

89-346 

89-386 

iOaST 

54-9 

68-8 

58-1 

61-1 

14-6 

SW 

3  180 

3-400  61-7 

89-411 

89  391 

51*6 

57 -9 

70-4 

571 

sw 

1-384 

1-910  5S-8 

Ko,. 

89-394 

89-387 

48-5 

51-4 

71-1 

658 

^^ 

8-418 

l-080'46-T 

Dtc 

89811 

89-607 

— 

S5-a 

39-8 

— 

79-5 

65-5 

— 

NE 

1-SI5 

0-530  31-0 

Ju.  ' 

«9-670 

89  301 

30-8 

48-3 

_ 

81-5 

63-5 

— 

SW 

1-906 

r-400  38-9 

Feb. 

89-178 

£9-166 

SH-8 

48-6 

55-9 

NW 

8-888 

1-430,  S8H 

Uircb 

89-386 

»-688 

«9-333 

4«-0 

4fi-8 

46-3 

65-3 

5e'8 

51-4 

NW 

1-IM 

8-680  41-6 

Afffil 

89-381 

89-338 

89-389 

49-0 

58-7 

48-7 

53-5 

40-6 

49-6 

SW 

8-468 

3 '440  48-5 

£l 

'9-435 

89-469 

54-8 

6I-I 

55  5 

4a>9 

37-3 

44-8 

SE 

3-063 

4-530  65-3 

!9-468 

29-458 

89-456 

57-4 

6S-S 

81-8 

S3-5 

44-6 

49-8 

SW 

1-950J  4-850  57-8 

s 

89-883 

i9-53B 

89-556 

681 

68-7 

630 

57-0 

44-9 

58-8 

•SE 

1-514:4-930  61-4 

89-599 

iS-5T9 

£9-666 

Oi-S 

10-9 

65-1 

«6  9 

48-6 

60-0 

NE 

8-580 

4-180  64-5 

89-511 

80-518 

89-519 

56-1 

68-9 

58-1 

79-a 

64-7 

67-5 

SW 

3-813 

3  560' 57-9 

oT 

i9-370 

iO-Sdi 

47-7 

5S-1 

79-9 

68-9 

NW 

1-610 

8-8S0  49-I 

No.. 

'89-«5S 

89-833 

37-4 

480 

T9-9 

78-8 

NW 

1-761 

1-830  39-8 

Dfc. 
ISSO. 

W-24S 

89-888 

— 

S8-4 

36-4 

—   ■ 

88-9 

15-7 

— 

SW 

2-489 

0-110  34-6 

89-318 

^9-408 

88-3 

33-1 

30-8 

73-9 

_ 

SW 

10-0 

0-360  31-3 

Frt. 

89-918 

t9-4TO 

30-4 

33-7 

88-9 

74-1 

NE 

1-145 

0-765,  3.5-6 

Uuch 

t9'408 

89-430 

89-895 

31-6 

44-5 

46'8 

14-8 

63-6 

61-4 

NW 

0-S48 

4-1101  40-7 

April 

i9-4T0 

^9-414 

;9-5n 

41-9 

55-6 

61-8 

67-5 

59-3 

83-3 

SW 

1-S05 

3  760  49-5 

rf.j 

»'375 

'89-3fi8 

89-9S9 

51-9 

5fi-a 

83-8 

66-4 

58-6 

63-4 

SW 

:;'383 

4-870  53-4 

Ju« 

:9  490 

i9-4*i8 

89-393 

57-1 

C3-4 

58-3 

69-K 

53  8 

ei-5 

NW 

l'"S4 

4-390  58- 1 

J"lj 

i9'519 

89-530 

ig-458 

60-3 

65-7 

ro-5 

69-1 

60-1 

67-5 

NW 

1-958 

a950'B0-7 

*"& 

89  461 

89-468 

89-443 

59-3 

65-6 

60-1 

70-5 

598 

63-4 

SW 

1-9U8 

4-3S0;6M 

Sepl. 

S9-S50 

89-543 

89-595 

53-8 

61-1 

56-3 

71-8 

57-9 

6i-l 

SW 

8-983 

3-100  53-a 

Ocl. 

89-166 

45-6 

51-4 

71-8 

61-9 

NE 

8-538 

^-500145-5 

Nov. 

B9-S7I 

S9'3TI 

39-1 

44-0 

76  7 

70-0 

NE 

1-853 

fl-833  41-6 

Ore. 

89-449 

— 

36-6 

39-8 

,  •- 

159 

12-5 

..-~  . 

NE  1 1-4fi 

I-I33|38-G 
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TABLE  V.—Jlmuul  Mcttonicgicel  Table  of  the  Mean  HO^iofthe  Barometer,  ^.  ^ 


Y«M. 

B>ra». 

B„on. 

Barom 

TbcT.  Tber. 

^,. 

Hjg. 

Hjg. 

Hyg- 

Wind. 

RUD. 

E«p. 

bat 

1S18. 
1819. 
1980. 

89-408 
W-3B9 
89-433 

IiKbe* 
e9-4Sl 
M-40T 
ig-486 

hche. 
»-488 
89'4S4 
g»-434 

48T'  54-3^ 
481     535 
45  7    61-8 

56-3" 
56-3 
55-3 

«e'4 

73'0 

SI'S" 
55'8 
63-0 

44-6° 

53-5 
64-4 

SW 

sw 

SW 

lochM 

!6-4I5 
eU-460 

Incbo. 

36-150 
34-368 

50-0' 
49'S 

47-« 

TABLE  \L— General  Table  nf  IFindt. 


Yem. 

N. 

N.E. 

E. 

S.E. 

5. 

S.W. 

W. 

K.W. 

Cilm. 

Var. 

ISJB. 

S4 

178 

«l 

119 

98 

300 

73 

157 

86 

R 

1819. 

19 

808 

42 

in 

32 

868 

78 

916 

1 

1ft 

leso. 

18 

S15 

38 

104 

ai 

S85 

77 

80+ 

4 

»» 

Mem 

80 

198 

47 

IIS 

S7 

888 

77 

IBS 

1« 

« 

An  the  Windj  betveen  the  eaiduial  poinM  ue  described  si  N.E.  S.E.  S.W.  and 
N.W.  The  numbei  of  obwrrBtiom  in  ucb  year  exeeeded  850,  but  Cbr  teadil;  com- 
paring the  TcaulU,  the  TaUe  ii  calculated  foi  lOOO. 


Article  IV. 

0/1  a  Method  uf  applying  Maclaurin's  Theorem. 
By  Mr.  James  Adams. 
(To  the  Editor  of  the  Annals  of  Philosophy.) 
SIR,  SlonchouK,  near  Plymouth,  Dec  so,  \%i9. 

Considering  the  following  method  of  applying  Maclaurin's 
Theorem  (see  his  Fluxions,  vol.  ii.  p.  108)  as  an  improvemeat,  I 
■will  thank  you  for  its  insertion  in  tne  Annals  of  Philosophy. 
I  am,  Sir,  your  obliged  bumble  servant, 

James  Auams. 


Profi^em.— Given  k  =  A+   (B2  +  Cz'  +  D;'  +  E2*  +  , 
F  «'  +  Sec.) 

To  find  3—,  -^-j,  7^,  8cc.  supposing  d  z  constant. 

By  taking  the  successive  diSereatials  of  the  given  equations, 
we  have 
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»    =  A+  (Bi  +  Cj:'  +  Djj>  +  Ez<  +  Fj'+&c.)  =  A±/i 

4f=B  +  (2Cz  +  3D«>+  4Ez'  +  5Fs'  +  &c.)  =  B± 

/.- 
^  =  2C±(2.3Di  +  3.4Ea'  +  4.5Fz'  +&c.)  = 

J^  =  2.3D  +  (2.3.4Ez  +  3.4.5Fz«+Stc.)  =  2.3 

I>  ±/...  2 
J^  =  2.3.4E+(2.3.4.6Fz  +  3,4.6.6Gz'+8cc.) 

=  2  .3.4E+  f  2 
J^  =  2.3.4.6F+  (2'.  3.4  .5.60:  +  &c.)  ....  =2. 
3  .  4  .  5  F  +  f  1  a. 

&«. 810. 

Where /z,/,  z,/„  a./ma;,  ff  x,p,  a:,&c.  denote  different  func- 
tions of  a:. 

Example  1. — Let  it  be  required  to  deyelope  u  =  (a  H-  z)". 
w  =(<i  +z)-  =  a'  +/z  =  A  +/a:.-.o"=  A. 
■j —  =  m(a  +  z)"-'  =  ma*"'  +y",  a;  =  B  +  /iZ  .-.  ma"~'  =  B,' 
^=  i»(»i-l)(o+z)— •=  m  (m-l)<i—  +/,,«  =2C  + 
/„  z  .-.  m  (m— 1)  d— '  =  2  C, 

ic. 

Ttlen  by  writing  the  value  of  A,  B,  C,  Stc.  in  the  problem, 
•we have  (a  +  a:)"  =  a"  +  m  o"~'  X  +  "7  j" z' 


- 1)  (,.-»)  .—^ 


-  8u:.» 


quantity  in  the  siven  equatioos  equal  to  nothing,  bj  vtuch  means  ouer  equBtiinis  are 
obtsined  which  detatmine  A,  B,  C,  &C.  in  temis  of  tbe  given  Ainction ;  thus  in  the 
equation  u  =(b+s)»-'A  +  Bi  +  C3«  +  D=s  +  ac  Suppose  ?  =  0,  then 
o-=  A, 

—    —  Bi<o  +  i)--'  =  B  +  SC=  +  3Ds'  +  &«.    Suppos«5=0,  thenma"'-'='B, 

j^=  m  Im-ltla  +  s)"—  =  9C  +  8.SD:  +  Sx.   Suppose  i=0,  then  m  (bj-I) 

a~~i  =  e  C  the  same  as  before.  Tliis  lattei  meUiod  U  evidenCy  ai  simple  in  il> 
^tplicatioti  KB  (he  preceding,  but  it  does  not  appear  to  me  to  be  hi  erident,  particuladj 
Id  beginners.     If  Obe  written  for  s  in  the  equation  u  =A  +  B3+  C='+Db'  +  &c. 

we  Btwold  have  a  '^  A,  a  pven  quantity,  therefore  — ,  v— ji  7~5>  *'*■  '"^  ''*  f**?**^- 
HTdy  equal  to  nothing. 
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Example  2. — Let  it  be  reqiured  to  develope  u  = . 

u  =";^  =  ("  +  «)"'  =  0-'  +/«;  =  A  +/«:  .-.  A  =1, 
i^  ■  -  (o  +  «)-=  -  a-  +/,  «  =  B  +/,  «  .-.B  =  -  1, 
1^  =2(o  +  i)-=2a-  +/„»=  2  0  +/„«/.C  =  1, 
i^=  -2.3(0  +  r)-'  =  -2. 3  a-' +/,„>:  =  2.  3D  + 
/„,:..-.D=-J, 

&c • 

Therefore,  by  writing  the  values  of  A,  B,  C,  8cc.  in  the  pro- 
blem, we  have — :i+-i  —  j+  8cc. 

Example  3. — To  find  the  log.  (a  +  x)  in  a  series,  log.  of  base 
amity. 

«    il(a  +  i)=l[\  +  '-^a=l(\  ■^'-)  +  la  =  la  + 

fz=  A+/».-./o  =  A. 

7f  =  dr.-i+/.'  =  B+/,».-.l  =  B, 

£^=  -  (a  +  z)-^  -  a-  +/„  s.  =  aC  +/„  J  .-.  -1 

=  2C, 
J^  =  2(o  +  .)-  =  2a-+/,„^  =  2.3D+/,„,.-.i 
=  3D, 

Sic 

By  substituting  for  A,  B,  C,  See.  we  have 

Hxample  4. — To  find  the  log.  (a  —  x)  in  a  senea,  log.  of  ba&« 
being  unity. 

«    =l{a~  z)=  l{i   -  y  a  =  /  .  «  +/«  =  A  +  /»  .-. 

A  =  / .  tf , 

'7^  =  - dr;  =  - G +/,  ^)  =  B +/.-••  B  =  - 1, 
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By  snbstitating  for  A,  B,  C,  8cc.  we  have 

log.  (.-*)  =  ;.«- (i  +  5^  +  ji  +  ij  +  &c.)i 

^osfl^e  5. — Expand  into  a  soiea  die  k^.  ( )  1(^  afhtjsa 

unity. 

•='(7f,)='(:)+/'^  + A +/■«•■■*-'(:)' 
i-f=-rk  =  -G+/.-)  =  B+/,..-.B--£. 

75  =  -  irnv  =  -  ft +/...  >^)  =  2  •  3  »  + /...  >^  ••■  » 


Hence,  and  by  substitntion,  we  have 
£riinip/e6. — Expand  into  aseries  the  log.f -3- j^lopofbaw 

if  =rr:  =  \+A  »=■  B  +  /,  >i.-.  B  =  i, 
1-^=;;;^  =  I +/..."  2 . 3  D +/„,..•.  D  =  jl^ 

»c 

Hence,  and  by  substituting  in  the  problem,  we  have 

Example  7. — Bxpimd  into  a  series  a',  log.  of  base  unity. 
•  =«■  =  {!  +  (« -!)}■=  1  +/•«=  A+/».-.A  =  l', 
Jf  =(<i{l  +(0 -!)}■  =  io+/,»  =  B+/,i.-.  B=  i.o, 
ij  =  (! .  a)«{l  +■(«-  !)}■  =  (;  .  «)•  +/„  I  =2  C  +/„  » 


.-.  C 


.  (■•■)• 


i^  =  (/.«)•  5 1  +  (a  -  !)}•  =  (/  .  oy  +/„  «  =  2  •  3  »  + 

IK \ ., 
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By  Bubstituting  for  A,  B,  C,  Gcc.  we  have 

ExampU  8. — ^Expand  into  a  series  the  log.  fi^^^jlog.ofbase 
iinily. 
u    =;gi|)  =i.l  +/«==0+/i  =  A+/;t.-.A  =  0, 

^  =  ;Ji.  =  !-+/.i=B+/,x.-.B=?, 


=  0  +  /,vi  =  2  .  3  .4E  +/.vi.-. 

I 
"  +/„«  =  2.3.4.6F+/„i.-.  j 


By  substituting  for  A,  B,  C,  &«.  we  have 

By  adding  the  series  in  Example  3  to  the  series  in  Example  6. 
«r  Bubtmcting  tbe  series  in  Example  4,  from  the  series  in  Ex- 
ample 3,  we  have  the  same  result  as  above,  which  is  erident 
from  the  nature  of  logarithms. 

Example  9.— ^It  is  required  to  expand  into  a  series  the  expres- 


J5 

E  =  0, 

^iSf 

48  a 

"  =  31. 

+  f,^ 

= 

.•.iSi'S- 


J^i--   sj-.).    -+/.x  =  3.3a-.+/.i^2.3D+/. 


By  substituting  for  A,  B,  C,  we  have 
CZ^  =  a—'  +  a'~*x  +  a"~*  i*  +  a"~*  j:*  +  8cc.  Or, 
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^     Lemma. — ^To  find  the  sines,  cosines,  tangents,  Sec.  o£  circular 
arcs  in  functions  of  Uie  arcs,  radius  beins  unity. 
Given  sin.  x  =  function  of  z  —fx,  men  will 

COS.  z  =  (1  —  sin.**)*  =  1  —fiX, 


Ian.  «  =  ^^^^  =  ,i^ 


'!-/.■ 


=  1  +/„.  «, 


JExample  10. — 'To  lind  the  sine  of  an  arc  in  terms  of  tlie  arc, 
radius  unity. 
u    =  sin.a  =  0  +/«  =  A+  Ba  +  Ca^ +  !>«'+ Sic.  a= 
A+/«.-.  A=0. 
^  =  COS.  z  =  1  -/,  a  =  B  -/,  it .-.  B  =  1, 

f^=  -  sin.«  =  -  (0+/„»)  =  2C+/,  3  .■.2C=-0r 
j!^  =  -  COS.  x  =  -  (1  -/„,  «)  =  2  .  3  D  -/„,  z.-.H.  3 
D  =  -  1, 

&c 

By  substituting  for  A,  B,  C,  &c.  we  have 

sin.  «  =  X  —  YZiTi  +  r"8~:a'.'*.'a  ~  ^" 

£xamp^ll.— Tofind  the  cosine  of  an  arc  iatennaoftbearc, 
radius  nnity. 
u    =  COS.  a:  :=  1  —fx  =A  —  (Ba:  +  Ca:»  +  Da;^  +  8cc.) 
=  X-fx.-.A.=  1, 
J-^  «  -  ain.a  =  -  (0  +/,  »)  =  B  +/,».-.  B  =  -  0, 
P^=  -COS.  a;  =  -  (1  -/„x)  =  2C  -/„  « .-.20=1  -  1, 
j^  =  sin.a  =  0  +/„«  =  2  .3D  +/„,  a;.'.2.3  D  =0, 
J^  =  cos.«  =  l-/,a  =  2.3.4  E  -/,».-.  2.3. 4E=  1, 

!cc 

By  substituting  for  A,  B,  C,  &g.  we  hare 

""■""'-Hi  +  i.t^'s. >-■■«. »!').»..+  '"'■ 

Example  12.— To  find  the  tangent  of  an  arc  in  terms  of  th* 
arc,  radius  unity. 

UigniaObyGOOglc 


if  ==  I  +  C  =  1  +/,  «  =  B  +/,  »;  .-.B  =  1, 

^  =  2(  +  2t>  =0  +/„  it  =  2C  +/„![.•.  C  =  0. 


~    1 .2.3' 
f^=  16(  +  40 ;■  +  24f  -0+/,s  =  2.3.4 E  +/;«.-. 

E=0, 
J^  a  W  +  136  (•  +  240  (•  +  120  C  =  16  +/,  i!  =  2  .  3  . 
.4.6F+/.....F  =  j-^lj^, 

te 

From  whence,  and  by  substituting  in  the  problem,  we  have  ■ 

^^'^  ^  =  ^  +  r^  +  rT^^rf^-Ts  +  ^■ 

Example  13.— To  find  the  secant  of  an  arc  in  terms  of  the  arc. 
radius  .iHjity. 
«    =  sec.  a:  =  1  +fx  =  A  +  fz  .■.  A  =  1, 
l!-  =  ,+,^-l'  +  iL±&c,=  0 +/,!■=  B+/,2.-.B=.a, 

.•.c=l, 

|^=5(+i?  +  iii'±&c.  =  0  +/,,i=2.3D+y;„ 
».-.D  =  0, 


•E=   ; 

-   t 

d  K>< 

¥+f,x.:F  =0, 
^=  61   +  ^±  &c=61  +/,»  =  2.3.4.5.60  + 
■       /•.  =  .-.G  =  3,, 


Hsnce.wehaTe.sec.  %=  1  + 


L.S-"*"  1.8.5,4.'*^  li«.3.A^.« 


+  &c. 
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llie  stiulaot  mast  uadettitand  that  tbe  developement  of  a  fiuic- 
tion  by  the  preceeding  m^od  is  oot  always  the  most  conve- 
nieikt ;  for  instaoce.  Examples  12  and  13  may  be  answered  in  a 
more  simple  and  general  manner  by  note  N  (with,  some  al^ht 
alteration  in  the  symbols),  taken  from  the  translation  of  I^croix' 
Differential  and  Integral  Calculus. 


Pertng.t«n.:r  =  ^j^*-— ^- ^ ^ 

radius  unity. 

By  writing  «  =  fi^,  4=  ."Xs-  «  =  nTTi-  "^  =  TT!'  '" 
j — fli  f  =  I — »j  8"^*  the  above  equation  becomes  tim.  x  s* 

J  —  t  JfJ    4-  J  J>  — /  J'  +   *  J*  —  Ac. 

I  —  ax'  +  ex*— ex*  +  gif  —  &c.' 
Kow  from  a  little  attentioa  to  these  equations,  it  will  appawt 
that  tan.  x  may  be  represented  by  the  senes  Ax  +  Bjt'  +C«* 
■  +  Dt'  +  Ear"  +  &ci 

that  18,  I  -",:(!•+ cj* -'«>"+ — l''-^^   =Aj;+   B«»  +  Cx» 

+  D  j:'  +•  E  j:*  +  Sic. 
From  whence  we  get 

j-Ai 
(B— A  a)x* 

(E-Da  +  Cc-Be  +  Ag)a* 
\JLC 

Then  by  equating  the  coefficients  of  the  corresponding  powers 
ofx  on  each  side  of  tbe  last  equation,  we  have 
A  =  l,        ■  ^ 

■B  =  A.-C  =  ^,. 
C  =  Ba  -  Ac  +d  =  r^, 
D  =  Ca-Bc  +  Ac-/  =  -j^, 
E  =  D<i  —  Cc  +  Be  - 
&c 

The  law  of  continuation  being  evident,  we,  therefore,  hjive 

The  same  method  majc  ba  applied,  to  the  devalopement  of  the 
cot.*. 
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■  Tor  cot   I-       "*•'      i---*'"-'*'*^'--**. 

—  (Ai+  Bar'+  Cx*+Da;'  +  Ea*+  &c.>,  radios 
From  whence  we  obtain 

unity. 

— (iar»+cart-ey+ga:<-&c 

r(-A-4)i' 
(-B+Ah+d)x' 
:.=<  (-C+B6-Af-ni» 

(-D  +  C4-B<i+A/+»)j' 
&c 

A=(.-4)=i, 

B=+Ai-(c-<i)=- 

-IS 

C=-Aii  +  B6+(e- 

■/)  =  4. 

D  =  +  A/  -  B  i  +  C  i 

-(s-*)  =  i4' 

So 

Where  the  iaw  of  contiauatioQ  U  evident,  we,  therefore,  have 
eot.x=i^g  +  J+|^  +  ;4  4-&c.) 

In  like  manner  we  may  Oevelope  the  sec.  x. 

«ec.  X  =  -i-  =  , T— !— T 1 — J—  =  1  +  A  X*  + 

Sx*  +  Caf^  +  'Da^  +  8ic.  radius  unity;  from  which  equation 
we  obtain  the  following,  viz. 


r(A 

(E 


a)x' 

A  a  +  c)  X* 

Ba  +  A.c  —  e)x" 

(D  -  Co  +  Be  -r  Ae  +  g)i 

&c 


Then  by  making  the  coefficients  of  jc%  x*,  X*,  x*,  &c.  respect- 
ively eqtial  to  nothing,  we  shall  have 

A  =  o=i. 

B=A«-c=i, 

C  =  -Ac  +  B^-e=H, 

D=Ae-Be  +  Co-g=^ 

&c 

The  law  of  continuation  being  evident,  therefore, 
•  Sc. 
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We  may  from  the  same  principle  find  the  cosec.  x  in  terms  of 
tBe  arc  x,  radius  tinity. 

cosec.  X    = =  ;— ; -T-r ;—  — r-- — ~    =  -  +   A   ar    + 

B  X"  +  C  X*  +  &C. 

From  whence  we  get 


(-(A  -  i) , 

(B  -  A  J 

0  =  ^  (C  -  B  6 


14  +d)t' 
36  +  Ad  — /)a' 
((D  -  CS  +  Bd  -  A/+4)i" 

L&c 

Thea  by  making  the  coefficients  of  a:*,  x*,  a^,  x',  &c.  respect- 
ively equal  to  zero,  we  have 

A  =  J  =  i, 

&c 

The  law  of  continuatioa  being  evident,  therefore, 
I    ,    X    ,   T  X'       al  :ti   ,     m^    ,    . 
cosec.  ar  =  -+s  +  ~^  +  ^^—  +  -—--  +  &c. 


On  the  Solution  and  Crystallixatiau  of  Lime,     By  R.  Phillips, 
FRSE.FLS.8cc. 

Mk.  Dalton,  in  his  "  New  System, of  Chemical  Philoso- 
phy," has  stated  the  curious  fact  that  lime  is  more  soluble  in  cold 
water  than  in  hot,  and  has  given  the  following  table  to  show  the 
difference  which  exists  in  water  of  various  temperatures. 

One  put  ofwatnof  TRkeaupof  lime.     Takes  op  of  dry  bTdnte  of  Iiai« 


130    T+ir     T+T 

2*2     TsW   - TSU 

"  This  table,"  be  observes,  "  leads  us  to  conclude  that  water 
at  the  freezing  temperature  would  take  nearly  twice  the  quantity 
of  lime  that  water  at  the  boiling  temperature  takes." 

Mr.  Daltoa  has  not  attempted  to  account  for  the  curious  fact 
which  be  has  discovered,    Mr.  Brande  has  not  mentioned  thii 
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eirCQiaBtance  in  his  Manual  of  Chemistry,  nor  does  Dr.  Thomson 
or  X)r.  Henry  attempt  to  explain  the  fact  in  their  respectire 
works,  although  th^  have  given  the  results  of  Mr.  Dalton's 
experiments.  Dr.  Imiiray,  in  the  last  edition  of  his  System  of 
Chemistry,  observes,  "this  circumstance  is  extreme^  singular; 
augmented  solubility  from  cold  is  contrary  to  all  analogy,  as  well 
as  to  the  principle  on  which  the  relation  of  temperature  to  solu- 
tion depends." 

With  the  intention  of  determining  the  comparative  solubility 
of  Ume  in  water  of  different  temperatures,  and  if  possible  also  to 
discover  the  cause  of  tlie  difference,  I  prepared  some  lime- 
waterat  the  temperature  of  the  atmosphere,  which  was  then  about 
60*  of  Fahrenheit.  Awine  pint  which  had  been  filtered  wilJi  as 
little  exposure  to  the  atmosphere  as  possible  was  decomposed 
by  adding  solution  of  carbonate  of  ammonia.  The  solution  was 
examinea  with  oxalic  acid,  and  it  appeared  that  the  whole  of  the 
lime  was  precipitated  by  the  carbonic  acid  uf  the  carbonate  of 
ammonia.  The  precipitated  carbonate  of  lime  being  washed 
and  dried  weighed  17-3  grs.  equivalent,  according  to  l)r.  WoIt 
laston,  to  9'7  grs.  of  lime  ;  and  as  a  pint  of  lime-water  weighs 
about  7300  grs.  it  follows  that  water,  at  60°  dissolves  ^wut  -^-f, 
of  its  weight,  agreeing  pretW  nearly  with  Mr.  Dalton's  state- 
ment, and  still  more  so  with  Dr.  Thomson's,  who  finds  thiA 
"  758  grs.  of  cold  water  dissolve  one  of  lime." 

I  next  boiled  some  hydrate  of  lime  in  water,  and  filtered  it 
with  as  little  exposure  to  the  air,  and  as  rapidly  as  possible.  A 
pint  of  this  decomposed,  as  in  the  former  case,  by  carbonate  of 
ammonia,  gave  105  grs.  of  carbonate  of  lime,  equal,  according  to 
the  scale,  to  6'9  grs.  of  lime.  Boiling  water,  therefore,  as  appears 
by  this,  dissolves  only  ttjVt  "f  its  weight  of  lime.  I  repeated 
this  experiment,  taking  exactly  10,000  grs.  of  the  lime  water^ 
the  curbonate  of  lime  weighed  14  grs.  =  7-8  of  lime  ;  so  that 
die  hot  water  had  taken  up  -rf'-^-j-  of  its  weight,  agreeii^  v^'T 
closely  with  the  former  e:^eriment,  and  as  nearly  with  Mr.  Da£. 
ton's  as  1280  to  1270. 

Some  iime  vrater  was  now  prepared  by  putting  hydrate  into 
water,  a  very  little  above  the  temperature  of  32*.  This  being 
filtered  witli  the  usual  precaution,  10,000  grs.  were  decomposed 
iu  the  manner  already  stated,  and  27  grs.  of  carbonate  of  lime 
w«ie  obtained,  confirming,  veiy  nearly  Mr.  Dalton's  opinion  that 
water  at  32°  would  dissolve  twice  as  much  lime  as  water  at  212^: 
27  grs.  of  carbonate  of  lime  are  equivalent  to  16-2  of  lime,  and 
consequently  water  at  near  32°  dissolves  ^^  of  its  weight  of 
lime  :  to  be  exactly  double,  it  should  be  ■^. 

Having,  by  these  experiments,  satisfied  myself  oF  the  correct- 
nam  of  the  facts  stated  by  Mr.  Dalton,  Iproceeded  to  inqoira 
into  their  cause.  With  this  intuition,  I  prepared  some  liow 
waterat  alitde  aboT«32"of  Fahrflnbeit,  and  heated  to  ebullititMi 
46'oimM»iD«flask,  from  v^cb  a  long  tube  ismed 
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the  access  of  carbonic  acid  from  the  atmoBphere.  Id  a  very 
flhort  time,  stnall  white  particles  were  depoeitea  in  the  lime  WKter, 
and  after  about  two  ouncea  of  the  water  had  been  eraporated,  I 
dtBcontinued  the  ebullition,  and  cooled  the  lime  w^er  secured 
from  atmospheric  air. 

Or  examining  the  particles  which  had  been  deposited,  it  was 
evident  that  they  were  crystalline,  although  the  smallness  pre^ 
vented  the  determination  of  their  form ;  they  had  nevertheieiB 
the  usual  brilliancv  of  saUne  crystals. 

To  determine  wnat  quantity  of  lime  had  been  deposited  by  crys- 
tallizing, and  what  proportion  it  bore  to  the  eyaporation,  I  tkcom^ 
posed  a  pint  of  the  lime  water  in  the  mode  already  described  by 
carbonate  of  ammonia,  the  carbonate  of  lime  precipitated  was 
dried,  and  weighed  8'6  grs.  =  4'85  grs.  of  lime.  It  is,  there- 
fore, evident  that  the  action  of  the  heat  had  caused  the  crystaUi- 
zation  of  the  lime,  and  had  effected  it  in  a  much  greater  degree 
&an  could  be  accounted  for  by  the  evaporation  which  occurred. 
The  hme  water  before  evaporation  contained  ^4t  °f  i*^  weight 
of  lime ;  afler  l-13th  had  been  evaporated,  the  quantity  of  lime 
was  reduced  to  -p(Vr  >  ^°  ^^^  more  than  one  half  of  the  lime  was 
etystaliized  by  evaporating  l-13th  of  the  solution. 

The  cause  of  this  crystallization  appears  to  me  to  result  from 
the  effect  whidi  heat  sometimes  produces  of  increasing  instead 
of  diminishing  the  attraction  of  cohesion.  The  affinities  which 
arfc  brought  into  play  are,  the  attraction  of  aggregation  of 
the  pBTti^es  of  the  lime  for  each  other,  the  attraction  of  llie 
lime  to  form  a  hydrate  with  a  small  portion  of  water,  and  the 
matoal  affinity  existing  between  that  hydrate  and  water  of 
aolntion. 

Among  the  cases  ^ich  may  be  cited  as  proving  the  aggre- 
gating power  of  heat  is  this :  If  some  peracetate  of  iron  be 
aecomposed  by  ammonia,  the  oxide  is  quicklv  redittsolved  1:^ 
acetic  acid  ;  but  if  the  oxide  of  iron  be  ooilea  in  the  solution 
from  which  it  is  precipitated,  the  acetic  acid  is  incapable  of  dis- 
solving it,  on  account  of  the  cohesion  which  the  oxide  of  iron 
has  suffered  by  heating. 

As  crystallization  is  but  a  modification  of  cohesive  affini^,  ^e 
may,  I  think,  consider,  that  the  cohesive  or  crystalline  affitnty 
excited  by  the  heat,  increased  by  the  a£Snity  of  the  lime 
for  a  definite  portion  of  water,  is  so  much  greater  than  the  affi- 
nity of  the  hydrate  of  lime  for  the  water  of  solution  as  to  occa- 
sion crystallization.  If  the  quantity  of  lime  crystallized  was  in 
any  degree  proportional  to  that  of^  the  water  evaporated,  there 
would  be  no  occasion  to  suppose  the  existence  of  the  cause  I 
have  mentioned. 

Mr.  Dalton,  instead  of  merely  heating  lime  water,  which  had 
been  prepared  at  a  lower  temperature,  boiled  it  again  with  hydrate 
of  lime ;  it  is  evident,  therefore,  that  the  crystallization  which  he 
would  otherwise  have  observed  could  not  lie  adduced  to  account 
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for  the  curious  discovery  which  he  had  made.  Although  I  was  aware 
of  the  crystallization  of  lime  which  M.  Gay-Lussac  had  effected 
by  the  agency  of  sulphuric  acid  and  a  vacuum  ;  and  after  I  had 
looked  in  vain  to  the  authors  whom  I  have  quoted,  in  order  to 
discover  whether  they  were  aware  of  the  crystallization  of  lime 
which  takes  place  by  heating,  I  found  that  M.  Thenaid  had 
stated  the  fact  in  his  Traite  de  Chimie ;  however  as  he  has 
not  given  any  account  of  the  extent  to  which  it  takes  place, 
nor  applied  ittclexplain  the  greater  solubility  of  lime  in  cold  water, 
1  have  thought  the  details  now  given  not  altogether  devoid  of 
interest. 


Article  VI. 

On    the   Bicarbonate  of    Ammoma.      By     Richard    Phillips, 
FRSE.  FLS.  &c. 

In  the  seventh  volume  of  the  Journal  of  Literature,  Science, 
and  the  Arts,  I  have  given  an  analysis  of  the  salt  usually  called 
subcarbonate  of  ammonia.  I  traced  also  the  nature  of  the 
decomposition  by  which  muriate  of  ammonia  is  converted  by 
the  action  of  carbonate  of  lime,  first  into  sesqui carbonate,  and 
eventually  into  bicarbonate  of  ammonia.  This  last  salt  I  had 
not  at  that  time  seen  produced,  except  by  exposing  sesquicar- 
bonate  of  ammonia  to  the  atmosphere.  During  the  last  summer, 
however,  Dr.  Henry  gave  me  some  salt  which  nad  been  prepared 
with  the  intention  of  producing  the  common  smelling  salts. 
From  some  cause  which  has  not  been  explained,  the  saltmstead 
of  being  puugent  had  scarcely  any  smell  whatever,  and  was  on 
this  account  rejected,  by  those  to  whom  it  was  sent.  This  sail 
is  more  crystalline  in  its  texture  than  tlie  sesquicarbonate  of 
ammonia :  it  does  not  become  opaque  by  keeping ;  and  turmeric 
paper  held  over  it  is  scarcely  affected  by  it  even  when  fresh 
broken. 

Dr.  Henry  informed  me  tliat  he  had  found  this  salt  to  be 
bicarbonate,  but  not  having  given  me  the  particulars  of  his  ana- 
lysis, I  venture  to  state  the  results  of  my  own  experiments. 

One  hundred  and  twenty  parts  of  the  salt  were  dissolved  in 
dilute  sulphuric  acid,  the  weight  of  the  vial  and  acid  being  pre- 
viously noted.  The  quantity  of  carbonic  acid  evolved  amounted 
to  66-6  parts,  equivalent  to  555  per  cent.  An  equal  quantity 
of  the  same  salt  was  dissolved  in  water,  and  added  to  a  neutrd 
solution  of  nitrate  of  lime,  taking  care  that  the  latter  salt  was 
excess.  Effervescence  readily  occurred,  and  by  the  t^tplication 
of  a  gentle  heat,  carbonate  of  lime  was  precipitated  :  this  after 
being  waslied,  was  dried,  and  weighed  74-4  =  62  per  cent. 

By  Dr.  WoUaston'B  scale,  it  wiU  be  seen  that  62  of  carbonate 
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of  lime  are  equivalent  to  21*16  of  ammonia.     One  hundred  parts 
of  this  salt  consist,  therefore,  of 

Carbonic  acid 55'5 

Ammonia 21-16  leaving  for 

Water 23-34 

100-00 

The  exact  composition  and  atomic  constitution  are  as  follow. 
Bud  perfectly  similar  to  tlie  salt  obtained  by  exposing  what  is 
usually  termed  subcaibonate  (but  correctly  sesquicarbonate)  of 
ammonia  to  the  air.        , 

Two  atoms  of  carbonic  acid 65-08  66-5 

One  atom  of  ammonia 21-5     21-7 

Two  atoms  of  water 22-64  22-8 


Article  VII. 
Oh  Rain-Guages.     By  Mr.  Richard  Davenport. 
(To  the  Editor  of  the  Annals  of  Philosophy.) 
SIR,  Jan.  10,  I82I. 

I  PERCEIVE  in  your  last  number  another  letter  added  to  the 
many  that  have  appeared  on  the  subject  of  the  different  indica- 
lioii3  of  similar  rain-guages  differently  situated.  It  is  rather 
surprising  that  the  writer  should  not  before  have  met  with  the 
observation  that  a  greater  quantity  of  rain  falls  on  a  given  area 
OD  the  surface  of  the  ground  than  on  an  equal  area  at  a  consi- 
derable height  above  it ;  it  being  noticed  and  accounted  fbt  ia 
elementary  books  and  lectures  on  meteorology  generally. 

It  is  more  surprising  that  disputes  should  have  arisen  and 
have  been  carried  on  from  time  to  time  in  a  scientific  pubhca- 
tion,  whether,  on  a  given  area,  an  equal  or  a  smaller  quantity  of 
rain  drops  would  be  received  if  falling  obliquely,  tlian  when  fall- 
ing perpendicularly,  C(£(cmj»rtW6Ms;  it  being  a  subject  of  easy 
demonstration,  and  probably  by  the  greater  part  of  your  readers 
perceived  to  be  so,  although  some  of  the  disputants  seem  to 
coQtinue  in  their  first  error. 

There  is,  however,  a  cause  of  the  different  indications  of  simi- 
lar rain-guages  under  the  circumstances  that  have  led  to  the 
fflBCussion,  which  I  have  not  seen  any  where  noticed,  and  it  is 
for  this  reason  I  trouble  you  with  this  letter. 

U  we  suppose  rain  drops  to  proceed  at  uniform  relative  dis- 
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.  tancss  from  each  othe^  out  of  a  cloud  of  given  magnitade 
eztendiDg  horizontally  over  a  certain  area  of  land,  whether  these 
run-drops  fall  perpendicularly,  or  proceed  with  a  motion  derived 
from  a  projectile  force  received  in  the  upper  regions,  the  lines 
described  in  their  fall  will  be  parallel  to  each  other,  and  the 
space  they  fall  on  on  the  surface  of  the  earth  will  he  in  either 
case  equal  to  the  area  of  the  cloud :  in  one  case,  immediately 
under  the  cloud ;  in  the  other,  at  some  distance  from  it.  In 
either  case,  similar  rain-guages  would  receive  equal  quantities 
with  each  other.    This  cannot  admit  of  serious  dispute;  hot 

,  when  we  consider  that  the  oblique  fell  of  rain-dropa  is  given 
them  by  the  motion  of  the  medium  through-  which  th«y  pass, 
and  that  when  that  medium  (the  wind)  with  its  rain><irops 
impinge  against  any  opposing  surface,  the  rain-drops  aie 
retained  by  that  surface,  while  the  volume  of  wind  proceeds  dis- 
charged of  that  rain,  the  case  is  altered ;  for  it  becomes  evident 
that  an  eddy  of  reverberated  wind  actually  contains  a  smaller 
quantity  of  rain  than  is  contained  in  an  equal  volume  of  uninter- 
rupted wind. 

•  Suppose  now  a  wall  extending  6n  a  plain,  and  the  rain  in  its 
oblique  fall  beating  agaiust  the  face  of  this  wall,  and  two  rain- 
guages,  placed  one  on  each  aide  of  the  wall  at  the  base,  and  a 
third  on  the  top.  If  the  oblique  direction  of  the  rain  were 
owing  to  an  original  projecting  force,  one  of  those  at  the  base 
would  receive  no  rain  at  all ;  but  the  other,  and  the  one  at  the' 
top,  would  receive  equal  quantrties  with  each  other  (putting  out 
of^question  the  trifling  difierence  of  accumulation  of  drops  fcdling 
through  the  small  perpendicular  space  between  them)  and  those 

anantities  would  be  eq^ual  to  those  of  similar  guages  placed  on 
le  uninterrupted  plain.  But  since  the  ohhque  direction  it 
owing  to  die  horizontal  motion  of  the  stratum  of  air  throu£^ 
whidi  the  rain  passes,  we  ought  to  expect  the  upper  guage  to 
receive  less  ;  for  the  volume  of  air  that  heats  against  the  wall  is 
tiot  annihilated,  but  must  rise  ;  and  passing  over  the  wall  passes 
over  the  upper  guage  discharged  of  rain,  driving  away  an  equal 
volume  of  saturated  air.  We  may  also  expect  the  one  at  the 
base  even  at  the  windward  side  to  receive  less  than  others  at  a 
distance  from  the  wall,  for  part  of  the  wind  must  be  reverberated 
over  that.  In  short  there  will  be  a  general  mixture  and  confu- 
sion of  saturated  and  emptied  volumes  of  air  disturbing  the 
indications  of  all  the  guages  within  the  infhience  of  the  eddies  of 
wind. 

Take  another  case. — Suppose  an  extended  plain  abruptly 
broken  by  a  perpendicular  cliff  into  two  different  levels.  Say,  a 
chfF  running  from  north  to  south,  and  on  the  west  side  of  it  a 
high  level  plain,  and  on  the  east  side  a  plain  on  a  lower  levM. 
Place  a  rain-guage  on  the  edge  of  the  cliff.  Suppose  a  driving 
rain  with  a  west  wind.  This  guage  will  receive  its  due  quantity 
of  rain  equally  with  others  on  the  open  plain.     But  sujf  ose  a 
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driving  rain  with  an  east  wind.  In  this  case  it  ought  to  receive 
much  less,  because  the  face  of  the  cliff  will  receive  all  the  rain 
contained  in  the  wind  driven  against  it,  and  will  drive  upwards 
the  wind  discharged  o(  rain.  If  the  wind  drives  up  a  slope, 
instead  of  a  perpendicular  wall  or  clifF,  the  same  thing  will  hap- 
pen in  a  less  degree ;  and  all  irregularities  of  sur^ce  will  more 
or  less  disturb  Uie  equality  of  distribution  of  rain;  and  that  in 
different  degrees  under  dinerent  directions  of  the  wind.  It  is 
also  evident  that  as  the  rain  driven  away  by  the  eddies  must  fall 
somewhere,  it  will  fall  in  increased  quantities  in  irregular  por- 
tions elsewhere,  and  this  will  double  the  difference  of  indication 
of  guages  at  no  great  dist&iice  from  each  other. 

I  am,  Sir,  your  obedient  servant, 

Richard  Davenport. 


Article  VIII. 

On  the  Machine/or  measuring  a  Ship's  Way  by  the  Log  Line. 
(To  the  Editor  of  the  Amtah  of  Phitoscphy.) 

HY  DEAR  SIR, 
The  enclosed  communication  I  received  firom  a  gentleman  of 
{;Teat  lespectabihty  in  Denmark.     Youwill  oblige  me  by  iosert- 
ing  it  in  the  Armah  of  Philosophy.        Very  truly  yours, 

G.  FOECMHAHHES. 


Nothing  is  more  probable  than  that  two  different  persons  may. 
have  conceived  similar  ideas  on  any  particidar  subject ;  and  when 
the  inventions  to  which  they  give  nse  prove  of  essential  utility, 
it  is  but  just  that  each  should  enjoy  the  honour  that  really  is  due 
to  him. 

It  is  stated  in  the  Journal  of  Science  and  Arts,  edited  at  the 
R(^  Institution  of  Great  Britain  (vol.  li.  p.  90),  that  Mr.  New- 
man has  claimed  to  be  the  first  inventor  of  a  machine  for  measur-  ~ 
'ing  a  ship's  way  by  the  log  line.'  This  is  stated  to  be  effected 
hy  means  of  a  sort  of  watch  which  is  to  serve  on  board  of  ships 
in  lieu  of  the  usual  sand  glasses  of  one-quarter,  one-half,  or  one 
whole  minute. 

Mr.  Newman's  description  of  his  machine  is  as  follows  : 

"The  quarter^ and  half  minute  glasses-  in  general  used  for 
measiuring  a  ship's  way  have  always  been  found  very  irregular. 
This  irregularity  arises  from  various  causes,  and  particular^  the 
state  of  the  atmosphere  at  different  times,  and  in  various  lati- 
tudes ;  and  even  when  they  are  new,  it  is  scarcely  possible  to 
find  two  that  will  run  out  in  the  same  time. 
■    ^ea  Series,  vol.  i.  h  u.  n-eob  CiOOqIc 
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"  As  the  log  line  is  in  geoeral  use  for  measuring  a  ship's  way, 
ilia  evident  tnat  so  inadequate  a  method  of  ascertaining  the  por- 
tion of  time  required  must  introduce  many  errors  into  tl^e  eati- 
nlate  made  of  the  velocity  and  progress  of  the  vessel;  and  a 
small,  simple,  and  correct  machine  that  can  he  depended  upon 
for  this  purpose  appears  to  be  a  very  desirable  improvement. 

"  A  smalt  macnine  which  I  have  invented,  and  which  has  had 
tlte  decided  approbation  of  many  naval  officers,  appears  to  pos- 
sess every  requisite  for  the  purpose  to  which  it  is  intended  to  be 
applied.  It  is  enclosed  in  a  round  brass  box,  three  inches  and  a 
half  in  diameter,  and  one  and  a  half  in  depth.  It  has  a  dial,  the 
circumference  of  which  is  divided  into  GO  parts.  In  the  centre 
IS  an  index,  which  is  carried  round  by  the  machine  once  irr60", 
or  one  minute.  At  the  15th,  30tb,  4.'ith,  and  60th  second,  are 
holes  made  in  the  dial  through  which  pins  are  pushed  up  or  down 
1}y  small  buttons  on  the  outside,  llie  dial  is  covered  in  by  a 
strong  glass. 

"  When  the  machine  is  used,  being  wound  up,  the  index  is  to 
be  retained  at  60"  by  putting  the  pin  up  at  that  division.  If 
ihaa  W  are  to  be  counted,  uie  pin  at  15"  ia  to  be  p«t  up,  and 
the  moment  the  log  is  delivered,  that  at  60^  depressed ;  the 
index  immediately  advances,  and  oontinues  in  motion  until 
stopped  at  15".  If  30",  or  45",  or  60",  are  to  he  told,  the  pin 
belonging  to  the  number  required  is  to  be  put  up,  and  the  tune 
told  as  before. 

"  The  beats  of  the  machine  can  be  heard  at  a  considerable 
distance,  and  the  moment  at  which  it  stops  so  readily  distin- 
guished that  it  may  be  used  as  well  in  a  dark  night  as  during 
day,  or  by  a  light ;  and  as  it  is  perfectly  accurate,  very  strong 
and  very  portable,  it  seems  well  adapted  to  supply  the  place  of 
those  incorrect  minute  glasses  at  present  in  use  aboard  on  alt 
ships." 

I  think  it,  however,  a  duty  incumbent  on  me  to  observe,  that 
Rear.Admiral  Lowenom  (a  gentleman  who  as  a  hydrographer, 
in  his  capacity  as  Chief  Director  of  the  Royal  Marine  Chart 
Archives,  has  Deen  of  essential  service  to  mariners  ;  and  besides 
this,  has  caused  great  number  of  lighthouses  to  be  erected  upon 
the  Danish  coast,  &c.  &«.)  had  already  conceived  ibis  vay  idea 
several  years  before,  and  was  ^e  immediate  cause  of  the  coo* 
stiuctton  of  a  watch  by  an  artist,  by  the  name  of  Sparrevogn, 
who  in  the  year  1804  constructed  a  portable  log  watch  m  the  form 
of  a  common  watch,  which  the  person  employedin  log^g  may 
conveniently  carry  about  his  neck,  suspended  bv  a  ribbon,  or  in 
any  other  maimer.  In  the  very  moment,  the  m^t  mark  of  the 
1(^  line  has  run  out  of  the  man's  hand,  he  needs  only  to 
yress  upon  a  spring'of  the  watch,  which  direcUy  sets  it  goings 
and  the  index  shows  exactly  the  fiiU  seconds.  When  the  index 
of  the  watch  points  on  to  the  14th  second  (which  serves  to  denote 
one-quarter  at  a  minute),  this  watch  strikes  a  bell  londhr  in  tb* 
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inside,  so  that  tiie  peraon  whoiq  log^Qg  nifty  directly,  uid  in 
the  veiy  same  moment;  stop  the  line  and  count  the  knots ;  At 
watch  meanwhile  continues  to  go,  and  the  index  indicates  the 
seconds  until  the  28th  second  (for  this  divkion  is  adopted  herr 
for  the  computation  of  our  log),  when  the  watch  ngain  ^res  a 
loud  stroke,  and  the  man  at  that  very  moment  stops  the  hne,  in 
cose  he  has  let  the  log  mn  to  that  moment  which  is  used  when 
the  ship  mas  at  a  moderate  rate ;  the  watch  is  now  run  dowi^ 
Mid  stops  at  once.  It  is  not  wound  up  in  any  oUier  manser: 
this  is  effected  by  the  pressure  t^n  die  spring  by  which  it 
repeatedly  may  be  set  gomg. 

The  contrivftnce  appears  to  be  somewhat  superior  to  that 
described  by  Afr.  Newman.  Mr,  Sparrovogn  (the  above-me»> 
tloned  Danish  watch-maker,  wbo  is  now  deftd)  made  sereni  of 
these  log-watches.  The  Danish  Board  of  Admiralty  rewarded  Mr. 
Sparrevogn  with  a  proper  remuneration,  and  Admiral  Loweootn 
laid  before  the  Royal  Society  of  Sciences  at  Copenhagen  (of 
which  he  is  a  Fellow)  a  drawing  oftheconatouction  of  thb  watoh, 
together  with  an  explanatory  desmptto."  of  it,  which  met  the 
(^probation  of  the  Sowety. 


Article  IX. 

On  the  Action  of  CrystaUixed  Bodiet  o»  Homogeneous  Light,  atid-^ 
on  the  Cautes  of  the  Deviation  from  NewtoH't  Scale  in  the 
Tfnte  which  many  of  them  devetope  on  Exposure  to  a  polarised- 
Ray.     By  J.  P.W.  Herscbcl,  Esq.  FRS.  Land,  and  Edin.* 

Since  the  period  of  the  brilliant  t^covery  of  Malus  of  th«' 
polaiisatioa  of  light  by  reflection,  the  investigation  of  the  |Cea&- 
nl  kiwa  which  regulate  the  actitm  of  crystfdiized  bodies  onli^t 
has  advancsd  with  a  rapidity  tjruly  agtonishii^  and  the  labour* 
of  an  Arago,  a  Brewster,  and  a  Biot,  have  already  gone  &r 
towards  completing  the  edifice  of  which  that  distinguished  phi- 
femjier  laia  the  fotaadation.  When  Malus  wrote,  the  list  of 
dMUy  refracting  crystals  was  small,  and  the  most  remarkabU 
moBg  them  poaseesing  only  one  axis  of  double  refraction,  it. 
MMSB  U>  hare  been  for  some  time,  taciUy  at  least,  presumed  that 
Ae  law  discovered  by  Huygens,  and  siase  re-established  in  the 
■Host  rigorous  maaHcr  for  that  one,t  might  hold  good  in  all. 

*  lUai  Iwfiire  the  Rojid  SoOttj  at  LMdm,  Dee.  tS,  1SI0- 

t  TW  Mfen  of  th  Mtidi  on  PdMtaMini,  la  tba  SU  DKntwr  of  Ae  Bdmb^ 
Vt'-it.  jnt jmHMiri.  n  gailtT  tit*  "X"*  niqHudmwIile  miitrtf,  io  tueniagip.  188), 
■  Muiude  Bam  Dr.  Bn<nter>  ezperimoits,  dut  Q>e  Bujrgenian  Uw  is  iniwrtet,  ft* 
fAacMe  tS  Bote  Df.  Bfcwttn'*  acnoal  Sanu^  At  ctjiub  vMt  twa  ua  tcmIv* 
*Miwlw<  ImbHw  HaifiM  Urn  WM»  dw  tarn  whriJ*,  of  «Udi  ate  it  ia  miy  w> 
Iwliw.-  ThM  (MMcnt  pUkM^liw,  if  I  udeMUad  Indiali,  in  tb«  ftamfli 
fkiAgsM  liM  to  thii  Miei  mtet&xi,  Mly  uhmu  to  tMaic  Ui  o^i£a  tfiu  'A 
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.^he  diBCOverv,  by  Dr.  Brewster,  of  crystals  posBesuDg  two  laes 
of  double  ren^ctioD,  or  two  directions  in  which  a  ray  mfly  pene- 
trate their  substance  without  separation  into  distinct  pencils,  has 
proved  the  fallacy  of  any  such  generalization,  and  rendered  it 
jiecessary  to  enter  on  a  far  more  extensive  scale  of  investigation. 
There  are  two  methods  which  niay  be  pursued  in  observations 
'OQ^Duble  refraction  and  polarisation,  the  one  direct,  the  other 
indirect.  The  former  turns  on  immediate  observations  of  the. 
angular  deviation  of  the  extraordinary  pencil,  and  is,  of  coarse, 
on^  applicable  when  the  forces  which  act  exclusively  on  the  rays 
'  composing  it  are  sufficiently  intense  to  cause  a  sensible  separa- 
tion of  the  two  pencils.  Tnere  exist,  however,  a  multitude  of 
'  crystals  in  which  the  force  of  double  refraction  is  so  feeble  as  to 
<  produce  scarcely  any,  or  at  most  a  very  inconsiderable  deviation - 
-  of  the  extraordinary  ray,  and  in  which,  consequently,  the  laws  of 
"double  refraction  could  neither  be  investigated  nor  verified, 
wi&out  having  recourse  to  some  artificial  means  of  magnifying 
^  the  quantity  to  be  observed  ;  a  thing  easy  enough  in  theory,  but 
requiring,  m  practice,  the  greatest  nicety  on  the  part  of  the 
>«bserver,  and  iu  many  cases  altogether  impracticable,  from  the 
tphysical  constitution  of  the  crystals  themselves.  The  indirect 
method  depends  on  the  discovery  of  Arago,  scarcely  inferior  in 
intrinsic  importance  to  that  of  Malus,  of  the  separation  of  a  pola- 
rised ray  into  complimentary  portions  by  the  action  uf  a  crystal- 
lized lamina.  It  was  reserved,  however,  for  the  genius  of 
M.  Biot  to  trace  this  striking  phenomenon  to  its  ultimate  causes, 
in  the  action  of  crystals  on  the  differently  coloured  rays,  and  to 
develope,  in  a  simple  and  elegant  theory,  the  successive  grada- 
tions  by  which  the  polarisation  of  a  ray  in  its  passage  through  a 
doubly  refracting  crystal  is  performed ;  while,  on  the  other  hand, 
the  sjuendid  phenomena  of  the  polarised  rings,  which  we  owe  to 
Dr.  Brewster,  have  established  the  connection'  of  the  tints  so 
polarised  with  the  force  producing  the  deviation  of  the  extraor- 
dinaiy  pencil,  and  shown  the  legitimacy  of  conclusions  respect- 
ing the  intensity  of  the  tatter,  drawn  from  observations  on  the 
former. 

This  indirect  mode  of  observation,  which  consists  in  noticing 
the  gradations  of  colour  for  different  positions  and  thicknesses 
of  the  crystal,  possesses  three  capital  advantages.  The  first  is 
its  extreme  sensibili^,  which  enables  us  to  detect  the  existence, 
and  measure  precisely  the  intensity  of  forces,  far  too  feeble  to 
produce  any  measurable  deviation  of  the  extraordinary  pencil. 
It,  in  fact,  affords  the  rare  combin^ion  of  an  almost  indefinite 
enlargement  of  our  scale  of  measuremMit,  with  a  possibility  of 
applying  it  precisely  to  the  object  measured,  arising  from  the 
..distinctness  of  all  its  parts.  Another,  no  less  precious,  is  ^e 
leading  us  by  mere  ocular  inspection  to  the  laws  «f  very  compli- 
cated phenomena,  and  enaUtng  us  to  form,  and  mould,  as  it 
were,  our  analytical  formula;,  not  on  a  laborious,  and  sometimes 
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deceptive  discussion  of  tabulated  mea-tures,  but  on  the  actual 
form  of  the  curves  themselves,  which  are  loci  of  the  functions 
under  consideration.  It  is  true,  that  a  reference  to  tabulated 
measures  is  indispensable  to  give  precision  to  such  first  approxi- 
mations ;  but  the  power  this  mode  of  observation  aSbrds  of 
copying  our  outline  fresh  from  nature,  and  from  the  general 
impression  of  the  phenomena,  brought  at  once  under  our  view, 
is  an  advantage  not  to  be  despised.  Nor  ought  we,  lastly,  t<> 
omit,  in  our  estimate  of  advantages,  the  means  thus  afforded  hb 
of  subjecting  the  minutest  fragments  of  a  crystal  to  a  scrutiny 
as  severe  as  the  most  splendia  specimen,  and  thus  extending  our 
researches  to  an  infinitely  greater  variety  of  natural  bodies  than 
we  could  otherwise  hope  to  examine. 

In  order,  however,  to  render  observations  on  the  tints  deve- 
loped by  polarised  light  available,  they  must  be  companible  Xxy 
each  other;  and  it,  therefore,  becomes  an  object  of  the  first 

'  importance  to  ascertain  the  existence,  and  discover  the  laws,  of 
any  causes  which  may  operate  to  disturb  their  regularity.  •  Ever 
since  I  6rst  eng^ed  in  experimental  inquiries  on  the  polarisa- 
tion of  light,  I  was  struct  by  the  veiy  considerable  deviation 
from  the  succession  of  colours  in  thin  lamiitEe,  as  observed  by 
Newton,  which  many  crystals  exhibit  when  cut  into  plates  per- 
pendicular to  one  of'^ their  axes,  I  at  first  attributed  this  to  a. 
want  of  perfect  regularity  in  their  structure,  or  to  inequalities  m 
their  thickness,  arising  from  my  own  inexpertness  in  gnndiuf^ 

'  and  polishing  their  surfaces ;  and  it  was  not  till  habit  had  rei^ 
dered  me  familiar  with  all  the  usual  causes  of  deception,  thatj. 
finding  the  same  phenomena  uniformly  repeated  in  different  and 
perfect  specimens,  my  curiosity  became  excited  to  inquire  into 
their  cause,  the  more  so  as  they  now  began  to  assume  the  forak 

'  of  a  radical  and  unanswerable  objection  to  the  theory  of  M.  Bibt, 
above  alluded  to,  which  affords  so  perfect  an  explamition  of  the 
tints  in  crystals  with  one  axis. 

These  phenomena  have  not  escaped  the  vigilance  of  Tit- 
Brewster.  in  his  paper  of  1818,  he  disrinctly  notices  die  fact  at 
a  deviarion  from  Newton's  scale,  in  crystals  with  two  axes,  and 
promises  a  more  detailed  account  of  it,  which,  however,  has  ntpt 
yet  appeared.  But  the  object  of  the  present  communication  is 
not  thereby  anticipated,  as  in  the  only  passage  in  that  paper  i» 
whi(^  he  expresses  himself  otherwise  than  obscurely  on  its 
cause,  he  appears  to  regard  the  deviated  tints  as  analogous  to 
those  developed  along  uie  axis  of  rock  crystal  and  by  certain 
tiqnids ;  an  analogy  which,  in  the  present  state  of  our  knowledge 
on  that  perplexing  subject,  it  seems  not  easy  to  admit.  In  a 
pt^er  too,  which  has  lately  appeared,  containing  the  interesUnff 
observations  of  the  same  excellent  philosopher  on  the  opticu 
Btroctnre  of  die  apophyllite,  he  remarks  the  very  striking  aeria- 
tion  of  the  coloura  of  this  crystal  &om  Newton's  scale  *'  in  die 

Dii-raM,,  Google 


U8  Mt.  HersckelontheAetianof  \Vxn. 

faai  orders  "  of  its  rings ;  and  while  be  remarks  ttiat  such  devia* 
tions  ate  coniDiOQ  enough,  and  indeed  universal  in  crystals  "  in 
which  the  rings  are  fprmed  by  the  joint  action  of  two  axes," 
aeems  to  thint  this  analogy  close  enough  to  authorize  the  sub- 
stitution of  two  rectangular  axes  of  a  negative  character  for  the 
single  positive  axis  actually  observed,  according  to  his  o^n 
peculiar  and  ingenious  views  on  this  subject.  I  lost  no  time  in 
endeavouring  to  procure  a  specimen  of  this  mineral,  and  by  the 
kindness  of  my  fnend,  Sir  Samuel  Young  (to  whom  I  owe  more 
than  one  obligation  of  this  nature)  was  favoured  with  one  suffi- 
ciently transparent  for  optical  examination.  From  my  observa- 
tions on  this  body,  I  thinlt  I  shall  be  able  to  demonstrate  satisfao 
torily  that  the  phenomena  of  the  apopfayllite  depend  on  a 
principle  distinct  from  that  which  produces  the  chief  part  of  the 
deviation  of  tints  in  most  crystals  with  two  axes. 

The  course  I  propose  to  pursue  is,  first,  to  describe  the  phe- 
nomena themselves.  I  shall  then  show  how  these  phenomena, 
complicated  as  they  are  in  appearance,  are  all  reducible  to  one 
very  simple  and  general  fact;  viz.  that  the  axes  of  double 
refraction  differ  in  their  position  in  the  same  crystal  for  the  Aif- 
ftrently  coloured  rays  pf  the  spectrum,  being  dispersed  in  one 
^lane  over  an  angle  more  or  less  considerable,  according  to  the 
nature  of  the  substance.  In  many  bodies,  the  magnitude  of  this 
dispersion  of  the  axes  is  coo^iaratively  trifiing,  while  in  some, 
net  otherwise  remarkable  for  a  high  ordinary  or  extraordinfoy 
dispersive  pow«r,  it  is  enormous,  and  must  render  all  computa- 
tion of  the  tints  in  which  it  is  not  taken  into  consideration,  com- 
^pTetely  erroneous  ;  and  indeed  obliterating  almost  every  trace  of 
the  Newtonian  scale  of  colour.  We  have  here  then  a  new  ele- 
ment, which,  for  the  future,  must  enter  into  all  formulas  of  double 
refraction  pretending  to  ligour,  and  at  the  same  time  are  pre- 
sented with  another  very  striking  instance  of  the  inherent  dis- 
tinction between  the  differently  coloured  molecules  of  ligh|^, 
.which,  since  the  time  of  Newton,  every  new  st£^  in  optic^ 
science  has  tended  to  place  in  a  stronger  point  of  view.  At  the 
i^ame  time,  by  the  easy  and  complete  explanation  this  principle 
affords  of  all  the  more  perplexing  anomalies  in  the  tints,  the 
.theory  of  alternate  polarisation  to  which  they  were  hitherto  so 
^^luijble  and  formidable  an  pbjection,  stands  relieved  from  eveiy 
.Si^cylty,  and  may  now  be  received  as  fuUy  adequate  to  toe 
.cepres citation  of. all  the  phenomena  of  the  polarised  rings,  and 
.entitled  to  rank  with  the  fits  of  easy  transmission  and  reqectios, 
,»»  a  general  and  simple  physical  law.  In  fact,  if  we  investigajie 
hjr  this  theory  a  general  analytical  expression  of  the  tint  dev^- 
Hoped  for  any  position  and  thickness  of  the  plate,  taking  tbU 
lament  into  consideration,  it  will  lie  found  to  include  all  thja 
Dftenomena,  as  far  as  they  caalw  confuted ;  while  the  laao  a^ 
idupersion  remains  unknown.    But  we  may  go  yet  ^uther.    Thie 

uiriieobyGoOglc 


1891.]  Cri/stallixed  Sadies  on  Homogemom  Light.  '  119 
nature  of  the  formula  furnishes  an  equation  by  which  the  actual 
quantity  of  the  separation  of  the  extreme  red  and  violet  axes 
may  be  deduced  from  observations  of  the  tints  of  a  very  simple 
ana  accurate  nature,  being  perfectly  analogous  in  principle  to 
the  "  method  of  coincidences,"  which  has  of  late  been  applied 
with  such  success  to  the  most  delicate  inventigatitmB  in  every 
department  of  physical  silence.  The  comparison  of  the  results 
afforded  by  that  equation  with  those  deduced  by  direct  observa- 
tion on  homogeneous  light ;  while  it  leaves  notning  to  desire  in 
point  of  accuracy,  leads  to  another  important  result,  *"iz.  that  the 
proportionality  of  the  minimum  lengths  of  the  periods  performed 
by  differently  coloured  molecules,  in  a  doubly  refracting  crystal, 
to  the  lengms  of  their  lits  of  easy  reflection  and  transmission, 
supported  as  it  is  by  au  induction  of  no  ordinary  extent  ami 
accuracy,  is  yet  uot  universal,  admitting  a  deviation  to  a  very 
targe  amount.  Hence  must  of  course  arise  a  kind  of  secondaiy 
deviation  in  the  scale  of  tints.  In  crystals  with  two  axes,  how- 
ever, this  is  masked  by  the  much  more  powerful  effect  of  the 
separation  of  the  coloured  axes ;  yet  even  there,  is  not  altoge- 
ther insensible  in  an  extreme.case.  In  the  apophyllite,  however, 
the  agency  of  this  secondary  cause  is  placed  ui  the  fullest  evi- 
dence. The  application  of  our  general  formula  to  the  anomalous 
tints  of  that  boay,  while  it  proves  incontestably  the  exact  coinfa- 
dence  of  the  axes  for  all  the  coloured  rays,  points  out  at  the 
same  time  a  pecuUarity  in  its  action  on  the  more  rdrangible 
extremity  of  the  spectrum,  of  a  nature  so  singular,  so  «nbrely 
without  example  in  all  the  multitude  of  natural  and  artificiu 
bodies  hitherto  examined,  as  to  render  me  extremely  detirous  of 
prosecuting  the  research,  with  the  aid  of  more  perfect  specimens 
and  improved  methods  of  observation. 

Having  arrived  at  the  general  result  of  a  dispersion  of  the  ax^ 
by  the  sole  consideration  of  the  gradation  of  tints  in  plates  of 
vaiious  thicknesses,  it  becomes  interesting  to  verify  it  by  direct 
and  independent  observation.  This  I  have  accordingly  doj^ ; 
and  the  fortunate  discovery  of  a  substance  m  which  it  is  of 
enormous  magnitude,  puts  it  in  our  power  to  render  the  fact 
sensible  to  the  eye  of  the  most  unpractised  observer,  by  ^n 
exceedingly  simple  experiment,  to  be  described  in  its  place. 


n.  Of  the  general  Phenomena  of  Crystals  which  develope  Tints 
deviating  from  Newton's  Scale,  by  Exposure  topolarisea  Light. 

In  describing  the  phenomena,  I  shall  at  present  confine  myfislf 
to  the  tints  developed  along  the  principal  section  of  the  crystal, 
which  is  supposed  placed  in  aa  azimuth  45°  with  tlie  plans  of 
primitive  poUrisation.  The  observations  of  the  tints  in  this 
position  are  most  easily  made,  and  least  liable  to  error,  and  we 
shall  see  presently  that  it  would  be.supe^-fluous  as  well  as  emb^- 
rassing  to  examine  other  situations,  the  law  of  the  phenomena 
beii^  compietdy  dedncibje  from  this.     In  this  series  of  o&aerv»- 
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tions,  then,  we  traverse  the  polarised  rings  (PI.  IV.)  fig  1  ,•  in  the 
direction  of  their  axis  of  s^metry  A  A',  jnissing  through  their 
poles  P,  P',  and  centre  O.  Now  if  we  subject  to  this  examina- 
tion any  one  of  the  following  subetances : 

Sulphate  of  soda?  Arragonitc, 

Sulphate  of  baryta,  Sugar, 

Nitrate  of  potash,  Hyposulphite  of  strontia, 

it  win  be  seen  that  the  tints  between  the  poles  P  P*  correspond 
to  lower  orders  of  colour  than  would  result  from  assuming  P,  P', 
as  the  origin  of  the  scale,  and  agree  much  better  with  the 
assumption  of  certain  points  p,  p',  without  the  poles,  as  their 
zero,  or  commencement  of  the  Bcale.  The  poles  tnemselves  too 
instead  of  being  absolutely  black,  are  tinged  with  colour  ;  and 
the  tints  beyond  them,  instead  of  descending  in  the  scale  from 
the  poles  outwards,  continue  to  rise  till  they  reach  their  maxi- 
mum (whicli  is  a  white,  more  or  less  brilliant,  or  an  absolute 
hlack)  at  the  points  p,  p' ;  after  which  they  descend  again  to 
infinity.  Not  that  in  any  case  they  coincide  precisely  with  tfie 
scale  of  Newton,  even  with  this  correction,  but,  except  m  extreme 
cases,  approximate  to  it  within  some  moderate  limit  of  error. 

If,  on  the  other  hand,  we  examine  in  the  same  manner  one  of 
the  following  bodies : 

Tartrate  of  soda  and  potash,  Sulphate  of  magseua. 

Borax,  Topaz, 

Mica, 
it  will  be  found  that  the  imaginary  points,  p,  p'  (which  we  shalt 
call  the  virtual  poles),  from  whi6h  the  tints  must  be  reckoned 
inwards  and  outwards,  to  produce  the  nearest  possible  agreement 
.  with  Newton's  scale,  lie  between  the  poles  P,  P', 

In  aU  diese  crystals,  as  the  thickness  of  the  plate  examined 
increases,  Uie  virtual  poles  p  p'  recede  from  me  actual  ones 
P  P',  at  least  in  respect  of  the  number  of  alternations  of  colour 
which  intervene  between  them :  in  other  words,  the  tiiit  deve- 
loped in  the  poles,  or  along  the  apparent  axes  of  the  crystal, 
descends  in  the  scale  of  colour,  as  the  thickness  of  the  plate 
incieases,  and  mce  vena.  In  very  small  thicknesses,  the  tints 
.approximate  pretty  closely  to  Newton's  scale,  or  wholly  coincide 
with  it,  while  in  vei^  great  ones,  the  tint  developed  in  the  poles 
-'  is  the  composite  white  of  the  extremity  of  the  scale.  The  angu- 
lar distance,  however,  of  the  virtual  pcrfes  from  each  other  and 
JTOm  the  axes,  remains  absolutely  iinchanged  for  all  thicknesses; 
nod  this  ttriUng  fact,  which  I  have  proved  by  numerous  and 
satis&ctory  experiments,  was  first  suggested  for  examination  as 
a  resiilt  c»  theory,  and  would  e^uaOy  hold  good,  as  will  pre- 
sently be  proved,  lor  eveiy  conceivable  law  ofaouble  refractiott. 

•  Tlw  trfiolc  t£  du  agBRt  Ib  diii  pqMT  tM  bdug  ichocd  to  to  dia  pmnt  put, 
4*n«lciriIIbt^mcntin,«ilfatlicrcmunderDfdKp^v,uA   '~      " 
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Tbe  substances,  ^hich  I  have  examined  most  atteotively,  aie 
sulphate  of  barvta,  nitre,  mica,  and  Rochelle  salt,  and  the  sub- 
joiDed  tables  of  tints  developed  for  different  inclinations  in  plates 
of  the  first  and  last  of  these,  may  serve  as  examples  of  the  mode 
of  action  of  the  respective  daasee  to  which  they  belong  on  Ugld, 
and  will  afford  <)ata  for  some  calculations  to  follow.  The  first 
two  columns  contain  the  incliaations  correBponding  to  similar 
tints  of  the  incident  ray  on  the  moveable  plate  which  carries  the 
ci^tal,  in  the  general  apparatus  imagined  by  M.  Biot  for  obser- 
vations of  this  Kind.  Were  the  plate  cut  in  a  direction  precisely 
perpendicular  to  the  optic  axis  (or  line  bisecting  the  anglebetween 
those  of  double  refraction),  and  adjusted  with  perfect  accucu^ 
on  the  instrument,  the  excesses  or  defects  of  tliese  angles  above 
or  below  90°  would  represent  the  angles  of  incidence.  Neither 
of  these  conditions  were,  of  course,  exactly  fulfilled.  But  it  is 
obvious  that  the  small  errors  in  these  particidars  (which  were 
ascertained  not  to  exceed  1°  or  2°)  must  affect  the  computed 
angles  of  refraction  on  both  sides  of  the  perpendicular  with 
e^ual  and  opposite  errors.  The  same  may  be  said  of  any  error 
ansing  from  a  slight  prismasticity  of  the  plate,  which,  however, 
must  have  been  extremely  small,  the  plate  having  always  been 
tendered  parallel  by  the  delicate  test  of  the  spheerometer,  within 
a  very  few  divisions.*  Consequentiy,  in  calculating  on  these 
data,  the  mean  angle  of  refraction  determined  by  the  simultane- 
ous use  of  both  observations  (their  semi -difference  being  taken 
for  the  angle  of  incidence),  may  be  expected  to  differ  from  the 
trath  by  ati  extremely  minute  quantity.  The  third  column  COB- 
taini  the  lint  developed  in  the  ordinary  pencil,  and  the  fourth  in 
Ae  extraordinary.  The  last  notices  the  remarkable  points  in 
the  system  of  rings  to  which  the  tints  and  angles  in  the  other 
columns  correspond.  The  positions  of  the  poles  were  determined 
byinterposing  a  red  glass  between  the  crystal  examined  and  the 
Teflector  used  to  polarise  the  incident  light.  The  glass  used  for 
tliis  purpose  was  of  that  kind  occasionally  found  in  old  chnrdl 
vbdowB,  and  whose  manuiacture  seems  to  be  numbered  among 
uU  now  foi^otten.  It  transmits  almost  the  whole  of  the  red 
nys,  and  part  of  the  orange  ;  while  it  completely  stops  all  the 
more  refrangible  colours.  I  have  endeavoured  in  vain  to  procure 
a  specimen,  whose  limits  of  transmission  are  more  confined. 
S<icn  are  said  to  exist,  though  very  care  ;.and  in  the  absence  of 
■och,  the  indications  of  that  employed  may  be  taken  to  corres- 
pond to  the  mean  red  rays. 

•  EuhcqinlMdieSSSOMbpKtafaaiBcli. 
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'^tL-B\.%l.—Sulphateof  Baryta.   Thickness  of  Plate  =:0\l9diin. 
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In  this  platq,  the  virtual  poles  -correspond  very  nearly  to  the 
second  minimuiu  of  the  extraordinary  pencil  beyond  the  poles 
P  P',  The  same  plate  was  now  reduced  by  grinding  to  Uie 
tluckness  i3-08816  mch.     In  this  operation,  care  was  taken  to 

End  away  the  side  of  the  plate  most  distant  from  the  eye  only, 
viag  the  other  perfectly  untouched  and  unimpaired  in  its 
polish.  The  plate  being  reduced  to  exact  parallelism  by  the 
sphKrometer  was  again  examined,  the  same  side  still  remaining 
next  the  eye.  ^  tiiis  arrasgement,  the  same  angles  of  emer- 
gence from  the  posterior  surface  correspond  rigorously  to  the 
same  directions  of  the  ray  in  the  inteiior  of  the  crysM,  witb 
respect  to  the  axes  of  its  molecules  :,  and  thus  we  avoid  eom- 
pietely  any  errors  which  might  arise  from  using  plates  cut  at 
different  angles,  it  being  almost  impossible  to  cut  two  [datas 
precisely  alike  in  this  respect.  . 

Table  11.— Svlpkate  of  Baryta.     Thickness  =  0-08816  in. 
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In  this  plate  tfae  virtual  poles  corretpond  to  tlie  second  nuud- 
matn  of  t&e  extraordinaiy  pencil.  It  is  needless  to  detail  tlie 
tints  between  the  poles.  The  same  plate  once  more  reduced 
with  the  same  precaution  to  leave  the  posterior  surface  un- 
touched, developed  Uie  following  series  of  colours  beyond  the 
poles. 


Table  III.— Su/jrAofe  of  Baryta.     Thickness  =  0-0d75&  in. 


Cono^tDding 

OidinuTpendL 

ExtlwrdiniTy. 

Rem«b,&«. 

IS3«7 

IM    3 

186  7 
1941  33 

187  30 

188  8 
188  80 
188  30 

130  10 
130  30 

1S8  80 
138  40 

Tint,  beyond 
t%epol« 

White,  indining  to  Tdknr 
Efluiih  white....... 

Duilonnge 

White 
White 
WMte 
Violet  white 

Sombre  violet 

57  50 
5T  SO 

Sombre  redSdi  violet... 

55  93 

Pure  brilUuit  white 

Virtwlprfe. 

Sombre  dinv  neen 
Ptle  dirtr  bluiah  grtea 
White    ■ 
White 

Ruddy  while 
Onnge 
0™»ie«d 
Nurow  crimton 
Purple,  ftc  &«. 

53  40 

93  87 

Sombre  onmgeor  brick  red 
SombR  ind  nuiow  pnrple 

51    3 

WMte 

Palerdlow,  &C.&C.... 

Here  the  virtual  poles  p,  p'  correspond  precisely  to  the  first 
juinimnm  of  the  estmordiaaiy  pencil. 

In  a  plate  of  Rochelle  salt,  cut  nearly,  but  not  quite  perpendi- 
cular to  the  optic  axis,  and  whose  thickness  was  0*1U4425  in. 
the  rings  beyond  the  poles  were  almost  entirely  obliterated, 
while  those  between  them  exhibited  the  following  singular  suc- 
cession  of  colours,  which  will  show  to  what  an  extent  the  devia- 
tion fix)m  Newton's  scale  is  carried  in  this  substance. 
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Table  IV. — Rockelh  Salt, perpendicular  to  the  Optic  Axi*. 
TkickHea  =  0-194425  in. 


(Ml.^,,^ 

SitnaOatij. 

R«»k^*e. 

jwltf 

White. 

SM  10 
«9    0 

Bnndingpalablue 

PJe  yellow  pink 
Blue  green 

OiceniaruU 
VeDowiahunk 
Palapinki^ydlow. 

larkUue 

Very^SErioletiriBk 

rediayi 

US  SO 

iJ^S^l:::::::::. 

tl&iS 

pST^.!?.  :;:::: .:: 

tiggg 

Pale  blu 

iuso 

HW  IS 

lOT    0 
106  10 

M  10 
OS  30 
i00» 

e»B  IS 

W*35 
Mg  55 

Ml  SO 

•m  50 

SBT4S 
S86  45 
884  5S 

ssaso 

iSOl! 

OTM 
n4  40 

Pale  greenJah  blue 

White 

«I»5 

OS  so 

Bluiah  or  gteenidi  white.. 
Blue....... 

Virtual  poW 

SSI  80 

mt5 

Patoydta.r... 

A  little  riolet 

Very  narrow  dark  blue 

Blue,  ajmbre,  and  pale 

Pale  yellow  green 

WhUe 

Fineerimun 

Palepn^ 

V^^pale  green 

Richcrimaan 
Paleporple 

Good  pink,  almoM  crimaon 

t'^pab^icUue 

Vdlowgieen 

White 

FmelDac 

White 

Fme  lilac 

White 

Fme  yellow  green 

Whit^ 

Pale  lilac 

m  0 

le^ir:-:::;:::;: 

S)40 

Xs.^r".'.::::::;: 

agfio 

IMis 

Pink,  rather  pale 

MS  40 

Paleblue. 

Pale  pink  yellow 

WW 

Wis 

isB'^'^- 

M0« 

Fine  ydlow  green 

*M   5 

vato 

Ml«1 

White 

Elne  yellow  green 

WUti 

Pale  lilac 

S        - 
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[Fsrs. 

laofdetj  however,  to  avoid  the  effect  of  the  dispereive  power, 
vrhich,  at  such  considerablp  obliquities,  would  render  the  obser- 
'  TfttioQB  liable  to  some  uncertainty,  I  cut  another  plate  in  such  a 
mamier  that  the  perpendicular  to  its  surftiee,  instead  of  coinctd- 
iag  neariywith  the  optic  axis,  was  directed  very  nearly  to  one  o. 
the  virtual  poles.  Its  thickness  was  then  gradually  reduced  in 
the  manner  above  described  for  sulphate  of  baryta,  though, 
owing  to  the  nature  of  the  body,  it  was  found  impossible  to 
avoid  the  necessity  of  re-polishing  the  posterior  surface  at  each 
operation ;  but  as  this  was  done  with  all  poauble  care,  only  a 
very  slight  error  can  have  arisen  from  this  cause. 


Table  V.—Rockelle  Sait.     Thickness  =  0-11618  in. 


Very  pale  bluUli  greet).  . 


S6I  8 
XSl  0 
860  85 
SS*4d 


ipVery 


'AC 


itple,  rafbei  HntAire 

Indifitrent  puipHdi  pink 

VrllovMi  jaak  iritiic 


ledraj* 

Pcmoidicu- 


viilet  .. 
Yellowish  white  . . 
Pale  yellow 


«5e  30 

S5D  37 

S18  ft 
Ui45 
S4S  30 

S40  S5 

S3T  30 


Pmle  pink  yellow, 
Pinkki  putple,. 
Rich  lombR  purple,  loaie- 
whMfieiy 

Pelefieen 

ExCncnely  pile  gtnn  .... 
Whitt. 


li^d  imperfect  pnnile. . 
Pale  bluish  grew 


Wliite,notretTb>IUaiit.  ... 

Pale  violet  hlue 

Sombre  indigo,  incSniig  to  vislet, 

nnniw,  and  irrfl  deBaed 
Sombre  noM  white 
Veiy  pale  gnenish  ydlMr 

White,  tinged  with  gNenirii  ydlew 

The  rithnt  deep  damiik  erin 
lAvM  imperfect  paiple 
Fine  pale  green 
White 


luiih  green.. 
d  yedaw  grei 


S".' 


lilacUue. 

Whitfc 

Splendid  green  yellow  , , 

PiiBiaU."!.'."  !.'.";*; 

niepatom  pwa 


Fine  yellow 

Fine  i^nk,  >  Etde  pnepb 

Lilsc 


White 

WUte 
FaltlSMblM 


JSC"" 
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Here  tbe  virtual  pcde  was  coiacideut  widi  the  fifili  maximum 
(or  thereabouts)  of  the  extraordinary  ray  from  the  pole  P;  the 
sdccession  of  tints,  however,  unless  close  to  the  virtual  pole,  is 
omitted,  in  order  to  shorten  the  table. 

■     Table  Vl^Rockelie  Smlt.     Thicknesi  =008567  m. 


ns  0 

HBSO 


m  90 

SK35 


Very  pik  jeDo*  gieeD . . 
Very  pde  ydlDW  gnat . 
Verj  pale  U«Ui  gieaa  ■ 

Pate  vudet...., 

WKto 

Very  pale  ^ncniak  ycfio' 
Pile  grecmah  yellow  . . . 
Pale  junkish  y^Sow 


Rkb  fie^  dainaa  crb 
liTid  in^oftct  piuple. 

Pine  light  givai 

V*yi«l«p»™ 

QoodciiiBMXi 

Ciinittin,  >lnio«t»cadet,&c. 


BluilhpDi|de 

Violet 

Very  lif^t  jnnk,  or  fuA 

Vety    fnle   yellos,    aln 

Vety  pala  ydlow 

While,  perfccdy  equal  ai 

PalelOac 

Sombre  HUc  purple 

Dull  and  impure  bloe 

P>h  y^cnr  giccB 


Peraendico- 
brmcidcnce 


leUue  gre 


In  this  plate  the  virtual  pole  fell  about  half  way  between  the 
fmtk  maxiuHUD  aiwl  the  fifth  minimum  of  tbe  eztraordinaiy  ny 
fnm  the  apparent  ^e  P  for  the  mean  red  rays.  Wh^  onw 
moR  gTOima  down,  it  gave  aa  fbUows  : 

Table  VIL— itocAe^fe  Salt.     Thickness  =  0-05437  in. 


OidisBty  pencil. 


ine  lutiL -,,■, 

iiMifiiH  Biff  |jpfc  ... 


Pine  H^t  blue  gre 


fmeadaear. 


tgDot... 
ffliite.... 


»4S0 


^&f0M.'. 


Viokt 

White,  with  an  almost  impenqitibU 

tii^  between  ydnr  md  fMet. 
VtUmrirtiiie 
Pdeydlovirhite 
Eittemdy  pak  fink  irbitc 


Vcn  d(£  pnide  (0 

Blae 

Vwy  pde  Mae,  fa. 


DMBKplidc 
itJA,h<a*amiK« 
Dnllpai^ 
,  BoodUaegnen 


Pif^ydlov         _ 


ngtr- 


12g  Mr.  Herwkel  on  thfi  Action  of  [Fsi. 

III.  On  the  Cataet  ofthe$e  Phenametia. 

The  developemeot  of  colour  along  the  axis  of  double  refrac- 
tion  is  at  first  Bight  analogous  to  the  producticu  of  the  secondaiy 
^ts  along  the  axis  of  rock  crystal,  discovered  by  M.  Arago,  and 
recently  explained  by  M.  Biot,  in  a  masterly  memoir  communi- 
cated to  the  Academy  of  Sciences,  on  the  hypothesis  of  a  force 
inherent  in  its  molecules  independent  of  their  state  of  aggrega- 
tipn,  by  which  they  communicate  a  rotation  in  an  invariable 
dwection  to  the  axes  of  polarisation  of  the  luminous  tays.  And 
this  analogy  is  partially  supported  by  the  fact,  that  the  tint  deve- 
loped along  the  axis  descends  in  the  scale  of  colour  as  the 
thickness  increases. 

A  more  scrupulouB  examination,  however,  will  show,  that  its 
origin  must  not  be  sought  in  any  cause  of  this  nature,  for  (not  to 
mention  the  impossibility  of  explaining  the  phenomena  of  the 
virtual  poles  by  this  hypothesis)  if  we  place  the  principal  section 
of  the  crystal  in  the  azimuth  zero,  the  extraordmary  image  will 
be  found  to  vanish  completelv  for  every  angle  of  incidence,  and 
whatever  be  the  thickness  of  the  plate.  1  may  add  too  that  I 
have  in  my  possession  a  crystal  of  quartz,  which  exhibits  with 
tolerable  distinctness  in  some  parts  the  phenomena  of  two  axes, 
and  the  appearances  produced  by  the  interference  of  the  secon- 
dsry  tints  in  this  specimen  ;  while  they  agree  completely  with 
M.  Biot'fi  explanation,  differ  entirely  from  those  which  form  the 
sobject  of  this  paper. 

Neither  are  the  phenomena  above  described  explicable  on  any 
supposition  of  a  peculiar  action  of  the  crystal  on  the  different^ 
coloured  rays,  analogous  to  its  ordinary  or  extraordinuy  di^ter- 
sive  power,  by  which  the  periods  of  alternate  polarisation  of  the 
molecules  of  some  colours,  should  be  lengthened,  and  of  others 
contracted,  so  as  to  disturb  that  esact  proportionaUty  to  their 
periods  of  easy  reflection  ^nd  transmission,  which  M,  Biot  has 
proved  to  be  a  necessary  condition  for  the  production  of  the 
tints  of  Newton's  scale.  It  is  true,  such  laws  of  action  may  be 
imagined,  and  I  shall  presently  show  must  really  exist ;  in  all 
crystals  probably  to  a  small  extent,  but  in  two  instances  at  least, 
to  a  surprising  degree.  But  this  alone  will  avail  us  nothing.  To 
show  this,  and  at  the  same  time  obtain  a  general  analytical 
expression  for  the  tint  developed  at  any  inclination,  and  for 
every  hypothesis  of  the  action  of  the  crystal  on  the  differently 
coloured  molecules,  let  us  denote  by  c  the  length  of  a  complete 
period  of  easy  transmission  and  reflection,  or  the  extent  of  one 
pulse,  on  the  undulatory  hypothesis  in  vacuo,  and  at  a  perpendi- 
cular incidence  for  any  homogeneous  lay,  and  let  C  denote  its 
colour  and  proportional  intensity,  or  illuminating  power,  in  the 
prismatic  spectrum.  Then  will  the  formula  representing  a  heam 
of  white  light  intromitted  into  the  crystal,  be 

C  +  C  -H  C"  +  8cc. 
from  one  end  of  the  spectrum  to  the  other. 


1821.]       Cryitallixed  Bodia  on  Homogeneom  Light.  \7d 

Let  11  be  the  number  of  periods  (each  conaistiag  of  a  double 
alternation)  and  parts  of  a  period  performed  by  tne  elementary 
pencil  O,  in  its  passage  through  the  medium :  then,  according  to 
the  theory  of  M.  Biot,  when  «  is  0, 1,  2,  3,  &c.  ad  inf.  the  pencil 
wiU  whoDy  pass  into  the  ordinary  image ;  but  when  the  valuea 
of  n  are  ^,  J ,  |^,  Sic ,  it  will  wholly  *  be  thrown  into  the  extraor- 
dinary one,  and  in  the  intermediate  states  of  w,  partly  into  one, 
and  partly  into  the  other.  These  conditions  are  satisfied  if  we 
represent  by  sin.*  (n  it)  the  intensity  of  the  ray  in  the  ordinary 
image,  taking  unity  for  its  original  intensity;  and  it  will,  1 
believe,  be  found,  that  the  gradation  of  intensity  given  by  this 
formula  for  the  intermediate  values  of  n,  will  agree  sufficient 
with  th&judgment  of  the  eye  to  warrant  its  adoption.f  The  part 
of  the  elementaiy  pencil  C  then,  which  enters  into  the  extraor- 
dinary image,  will  be  C.  sin,*  (n  t).  Let  us  denote  by  S  {C.  sin.* 
(n  t)  }  the  aggregate  of  all  such  elements  from  one  extremity  of 
the  spectrum  to  the  other,  or  take 

S(C.  sin.«  (»  w)}  =  C.  sin.'  (n  «)  +  C.  sin.'  (n' »)  +  8(0.   . 
Then  will  this  expression  represent  the  tint  developed  in  the 
extraordinary  image,  and,  consequently,  S  {C.  cos.'  (n  «)}  that 
ia  the  ordinary  one. 

Now,  n,  |he  number  of  periods  performed  depends,  first,  on 
the  nature  of  the  ray,  or  on  c ;  secondly,  on  the  mtrinaic  energy 
of  the  action  of  the  medium  on  that  ray ;  and  thirdly,  on  the 
direction  of  its  course,  the  thickness  of  the  plate,  and  whatever 
other  cause  or  limit  of  periodicity  may  nappen  to  prevail. 
Hence  we  may  take  n  =  M  x  fc,  ft  being  a  lunction  of  c,  de- 
pendent only  on  the  nature  of  the  body  through  which  the  tay 
Cpassea,  and  M  beiM-  a  certain' multiplier  whose  form  we  sbtm 
consider  presently.  This  substitution  made,  the  expression  for 
the  tint  becomes  S  |C.  sin."  (M  ft.  w)? 

In  the  theory  of  the  Newtonian  colours  of  thin  plates  and  the 
polarised  rings  in  crystals  with  one  axis,  the  multiplier  M  is 
independent  on  c,  varying  only  with  the  direction  of  the  ray  and 
the  thickness  of  the  plate.  It  is,  therefore,  the  same  fot  all  the 
coloured  rays,  and  the  tint,  for  any  value  of  M,  will  be 

*  The  unplitode,  at  Eotil  extent,  of  eadi  mdlktion  of  the  plme  of  poloiJMtion  it 
I'M  nmated  B0°,  inwhi^  cue  the  omttut  of  colour  in  tbe  two  peidl*  u  Uittmui- 
nam.  Thig  is  the  cue  in  thi  sitaadon  we  an  emiideiing,  but  in  general  the  inlennt^ 
tl  die  eitnatdinuy  nj,  ingteod  of  bong  represented  bj  un.*  »  «-,  will  haie  >n  addia 
^°I>>1  fictor,  a  fiinctioii  of  the  adinuth  A  of  the  prindpal  leedoo  of  the  ctyitalliKd 
I*"*  «nd  the  poritjcm  of  the  refracted  ray,  and  which  become*  unity  when  A  =  iS", 
'  ■■id  Ihe  [due  of  incidence  ia  that  of  the  principal  lectioD.  It  is  on  tfaii  taetor  ^t  du 
J°*^'ion  of  brlgtitwii  m  the  isochromatic  lines,  and  the  black  crou  or  hypebolie 
™*iei  wind)  interKcC  them,  depend.  But  it  i«  not  my  intcDtian  at  pnsenl  (o  awet 
«  dii|un  of  the  Bubject^lbr  reaaons  to  be  explained  fuitber  on. 

^  m  part  of  our  mbaequettt  reaaoning  dnwnda  on  tfae^^tn  of  this  function.  It  ia 
'''B°*nt  to  know  that  it  must  be  a  periodica],  and  even  fiinction  ofw.  It  ii  onl;  in  tha 
oxipiiIatiDa  <f  nnmeiieal  ralaei  that  it  ii  neceMarr  to  ntike  laj  more  predte  »• 

^tw  Stries,  vot.  i.  i 

uiriieobyGoOglc     . 
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,  -      ,       C.Hia.MM  At)  +  C.  8iQ.''(M  k-w)  +.a«.  .  (a) 

How,  suppose  M  to  begin  from  zero,  and  to  pass,  by  a  vana- 
Ji^on  sitter  in  the  direction  of  the  ray  or  thickness  of  the  medium, 
[jor  -both,  through  all  gradations  of  value,  to  iirfkuty,  or  to  its 
.maximum,  if  not  susceptible  of  iiiuGnite  increase:  then  wesee  that 
ibr  every  value  of  M  a  certain  pecidiar  t'mt  will  arise,  and  thaf, 
jirovided  M  commence  at  zero  and  contin^ie  increasing,  the  same 
'BiiccesMOnoftints  will  invariably  be  developedin  the  same  order. 
.Coneequently,  if  we  fix  upon  any  two  tinte  in  this  scale  of  colour, 
or  any  two  values  of  M,  the  same  auccessinn  and  the  same  num- 
ber of  alternations  of  colour  must  ioKadably  intervene  betweon 
^em,  however  we  pass  from  one  to  t^e  other. 

In  a  crystal  iviQi  two  or  more  axeg,  the  value  of  M  for  any  [^ 
.C  must  of  course  be  zero  in  the  direction  of  the  axis,  and,  uiece- 
ioce,  jf  the  same  supposition  of  the  independence  of  M  on  c  be 
-made,  the  same  conclusions  should  follow  ;  namely,  first,  that 
the  extraordinary  ray  must  always  vanish  in  the  pole,  whate«w 
be  the  thickness  of  the  plate  ;  and,  secondly,  that  the  same  suc- 
cesm>n  -and  number  of  alternations  of  colour  should  intervene 
.between  the  pole  and  any  assigned  unequivocal  tint,  sucii  as 
hlaok,  or  ^e  pure  brilliant  ^reen  of  the  third  order  of  Kewton^ 
scale.  Both  these  conclusions  are  totally  at  variance  with  the 
.&ct8  above  detailed,  as  to  the  developement  of  colour  in  the 
4>oles,  and  the  situation  in  the  order  of  toe  ririgsofwhatwebave 
sailed  the  virtual  poles.  Hence  we  are  necessitated  either  .to 
give  up  the  theory  of  alternate  polarisation  altctgether,  -or  io 
(■{dmittne  dependance  of  the  multipUer  M.onjc,.or  on  the  uatwe 
flif  the  ray.     Let  us  see  to  what  this  will  lead  us. 

Accoroii^  to  the  theon  of  the  polarised  rings,  if  extenddd^ 
n^stals  wit£.twD  axes,  tne  number  of  period  petformed  ima 
,|pven  space  (=  J)  by  a  molecule  of  a  given  colour,  traDHm)tt««l 
in  a  direction  making  an^es  i,  $',  with  the  axes,  can  only  be^a 
jQittction  of  :the  icrm  A,  4-  0,  ^),  *  dmending  on  the  intensitjy  of 
thie  polariaii;^  force  i  ok,  as  bdbre,  oeing  a  function  of  .^,  the 
nature  of  the  r^,,aad  of  the  intrinsic  energy  of  the  moleculaB-Af 
4be  icjystal.     ^w  if  we  call  -t  ibe  thickness  of  the  plate,  and  if 

the  angle  of  refraction, is  the  lengUi  of  the  pa»h  described, 

■0Oii,  ^henefere,  we  nmst  have  for  the  number  <^,petio>dB 

TK)  ■flK>t  the  vtdue  of  M  most  be  Lliii— ',  which  must  be  a.  func- 

'fion  of  c.  Now  *  is  obviously  independent  of  it ;  and  if  we  aeg- 
ilect  at  present  die  ^ery  triflmg  effect  at  mediate  iDddeDOM-af 
the  ordinary  dispeFsivepowersoftbemediaexsmiDed,*  f  isiiofllae. 

■  It it-eais-m ^tr  thfttin ihe  bro  tIaMw  of  oyitria  ahow  awnitwd,  ActSttrntf 
du  di^cnive  poweis  win  be  oppodte  lo  «Mh  otba,  in  nw  i^pmwig,  and  inttefAv 

UigniecibyGOOglC 
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ItJB,  tlinefore,  in  the  form  of  the  functioa  4-  (^i  V)  that  we  must 
look  for  the  cause  of  the  phenomena ;  and  smce,  we  have  i'  = 
i  +  2a,  2  a  being  the  angle  between  the  -axes  (because  th^ 
observations  arc  made  in  me  {mncipal  section)  we  see  that. 
^(1,  i  +  2a)  raast  Involve  c,  and  consequently,  9  being  arbi- 
teuy  and  independent,  a  must  be  a  function  of  c  In  order  thui 
to  lender  the  theory  of  alternations  applicable,  we  must  adtml^ 
tbe  angle  between  the  axes  of  double  refcaclion  to  differ  in  the. 
aanie  cFystal  for  the  differently  coloured  tays^  We  must  noar 
abow  that  this  supposition  is  sufficient  to  represent  the  pheno- 
mena correctly.  ' 

The  symmetry  of  the  rings  and  total  evanescence  of  colour  in 
the  principal  section  at  an  azimuth  zero,  requires  that  tlie  axes 
of  ul  the  different  colours  shall  be  symmetrically  arranged,  pa 
eklter  side  of  a  fixed  line  (which  may  be  called  the  optic  axisl 
IB  ^s  plane,  or  in  one  perpendicular  to  it.  At  present  we  need 
mty  considef  the  former  case.  Let  a  represent  the  angular  dis- 
tance of  the  axis  for  any  one  standard  ^ecies  of  aty  C  (the 
aOretoe  red,  for  instance)  from  this  line,  a  +  i  a,  the  ssme 
diaUnce  for  any  other  ray.  Then  the  distance  of  the  transmitted 
ny  G,  &om  the  axes  of  rays  of  that  colour  being  i,  S",  the  corre^ 
apMtding  distances  from  their  respective  axes  for  rays  of  ai^, 
suer  c^our  C  emerging  in  the  same  direction  will  he  6  ~  la 
+  ?  ^  and  fl'+Sa  +  dp,  Sf  being  the  difference  (=  f'  —  f) 
1^  the  angles  of  refraction,  corresponding  to  the  same  incidence, 
kt  the  colours  C,  C  The  positive  vahies  of  0  here  reckon 
Mtwurds  Ixom  the  pok ;  ^  a  is  negative  for  c^stals  of  the  second 
ckas,  and  S  «  is  negative  or  positive  accordti^  tsU  qtC  is  the 
kes  refrangible  colour. 

Iiet  us  for  a  mom^it  consider  rays  of  only  these  two  -cohuil&, 
The  portion  of  the  extraordinary  pencil  due  to  them  will  -be 

C. Bin.'  (^  +  (fl, B").^)  +  C.  sin.«  (~  4  (*  -  6  w  +  8 ?, 

V  +  Sa  +Sf).it\. 

The  rays  of  these  colours  of  the  same  ofder  injhturxes^ectiiiv 
wnsB  of  rings,  will,  theceforOi  coincide,  and  ihwt  m  4Jk  prc^t^ 
degiee  of  proportional  intensity  for  the  produotiDn  t^  a  «rait« 
untgE,  provided  we  suppose 

;^.J,  (fl,SO  =  ~,-4-0  ~ia  +  l<l>,f  +  ta+2f)i  (*) 
•Awh,  nince  k,  ft',  «,  S  «,  are  constant  elements,  f,  p'  detenni- 
MefDuctions  of  A,  and  ff*  =  S  -f  2  a,  suffices  to^ietenniae  B. 

If  we  suppose  C  and  C  to  represent  the  extreme  red  «id 
Tidet  rays,  it  is  evident  that  the  coincidence  of  the  extraordi- 
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nuy  pencils  of  the  same  order  for  these  two  extremee,  will  ensure 
that  of  the  intermediate  ones,  at  least  yery  neariy.  It  would  do 
CO  precisely,  were  the  yalue  of  6  a  for  any  intermediate  ray,  such 
a  function  of  k  as  would  result  from  making  i  constant  in  the; 
preceding  equation,  because  the  two  laws,  that  of  the  dispersion 
of  the  axes,  and  that  of  the  m^nitude  of  the  rings  of  difiereot 
colours,  would  then  act  in  exact  opposition  to  each  other 
throughout  their  whole  extent.  It  is  in  fact  a  case  precisely 
analogous  to  that  of  the  compound  achromatic  prism,  where,  if . 
the  law  of  dispersion  in  the  one  medium  were  identical  with  that 
in  the  other,  a  perfectly  colourless  pencil  would  emerge,  and 
when  these  laws  differ,  the  coincidence  of  the  red  and  violet 
rays  ensures  an  approximate  coincidence  of  all  the  rest.  Should 
these  laws,  however,  differ  very  considerably,  an  uncorrected 
colour  will  appear  at  tlie  point  so  determined,  and  a  nearer 
approximation  will  be  obtained  by  uniting  two  of  the  more 
powerful  intermediate  rays,  such  as,  for  instance,  the  mean  red 
and  the  blue,  or  limit  of  the  green  and  blue. 

This  then  is  the  origin  of  the  virtual  poles  or  points  beyond 
or  between  the  taes  where  the  tint  rises  to  a  white  of  the  first 
<»der,  more  or  less  feeble,  or  even  to  an  absolute  black ;  aiid 
we  may  now  see  the  reason  why  the  tints,  in  reckoning  from 
these  points,  approximate  in  a  general  way  to  the  Newtonian 
scale.  In  fact,  the  periods  of  the  more  refrangible  rays  being 
performed  more  rapidly  than  those  of  the  less,  it  we  suppose  tije 
coincidence  above  spoken  of  to  take  place  at  any  point  (t(ie 
minimum  for  instance)  of  the  nth  ring,  the  intervals  between 
the  nth  and  (b  +  l>th  minimum  will  he  greatest  for  the  red,  and 
least  for  the  violet,  &c.  Consequently,  when  the  violet  next 
disappears  totally  from  the  extraordinaiy  pencil,  there  will 
reniain  yet  a  little  of  the  red,  less  of  the  orange,  and  so  on,  and 
this  difference  increasing  at  every  succeeding  minimum  on  either 
side,  will  produce  a  succession  of  colours  approximating  in  a 
general  way  to  Newton's  scale'.  This  approximation  will,  how- 
ever, he  much  less  dose  on  the  side  of  the  virtual  pole  towards 
the  nearest  axis,  because  the  disturbing  influence  of  the  separa- 
tion of  the  axes  on  the  figure  of  the  rings  and  the  law  of  their 
successive  intervals,  is  much  more  sensible  than  at  a  distance  ' 
irom  the  pole.  This  will  be  evident  if  we  consider  that  in  the 
interval  between  the  extreme  coloured  axes,  the  tints  will  be 
regulated  entirely  by  the  law  of  their  distribution.  Wow  this  is 
perfectly  corroborated  by  the  succession  of  tints  in  the  forgoing 
tables,  as  well  as  by  numerous  experiments  made  on  other 
Bodies. 
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TW           MeteorohgicalJoumaf  kept  at  Nev^Mallott.  [Rsb'. 

ANNUAL  RESULTS. 

Barometer. 

Highest  observalioa,  Jan.  9.    Wind,  N.E 30-900 

Lowest  ditto.  Oct.  (7.    Wjnd.S 28-050 

lUnge  of  the  mercury 2-850 

]V[ean  annucd  barometrical  pressure 29-647 

Greatest  range  of  the  mercury  in  Jan,  (in  nine  days)  . .  2-  660 

Least  ditto,  ditto,  in  December 0-85O 

Mean  annncd  range  of  ditto 1-605 

Spaces  described  by  ditto 80*950 

Total  number  of  changes  in  the  year 169*000 

Sir's  Thermometer. 

Greatest  obserrations,  June  26  and  27.   Wind  N.  and 

var 86-000° 

Least  ditto,  Jan.  1.    Wind,  W 7-000 

Hange  of  the  mercury  in  the  thermometer 78-000 

Mean  annual  temperature 46*900 

Greatest  range  in  June 45-000 

Least  ditto  in  November 25*000 

Mean  annual  ditto 34-383 

Winds. 

Day*. 

North  and  East ; 65-000 

North-east  and  South-east 66-000 

South  and  West 93*000 

South-weat  and  North-west 121-000 

Variable : 21-000 

Rain,  SfC. 

Greatest  quantity  in  May .' 4-250 

Least  ditto  in  September 1*630 

Total  amount  for  the  year 29-430 
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Observatisna  an  Mr.  PerldruU  Aaswint  of  tim  Comfntaiiitity  of 
WateT.  .  By.  P.  M.  Rxiget,  MB.  BUS.  &c. 

(To  Uw  Editor  of  the  ArMah  of  Piiiottp/^,) 

DEAR.  SIR,  Beraard-ilrcet,  SuiK^^^Mrit  •Tm.  !5,  NSJ . 

.  On  reading  the  acconnt  which  Mr.  Perkini  has-  lately  given 
in  tbe  Philosophical  Trajisactions,*  of  his  very  intereatiDg  expe.^ 
onenta  on  the  compreanbility  of-  water,  from  whn^  he  kas' 
deduced  a  resuU  differing  widely  fromthst  ofMr.  Gaaitea  ;  xruk 
being  desirous  of  ascertaining  tbe  exitct  qnanttty  hy  whic'v  thep 
differed,  I  was  induced  to  c^culate  the  degree  of  compresaioar) 
which  was  produced  by  the  piezometer  in  the  tirst  ^^erioun^ 
jkom  thedntaifurtdshedby  Mr.  Perkins,  and  was  ikua  led  todtfo' 
^Mtovery  of  a  very- matcnal  error  wbi«b  he  has  cemm^^dinMsJ 
computation.  He  states  the  compression  affected  by  a  pressoiS' 
of  100  atmospheres  to  be  "  about  one  per  csnt ; "  whereas  the 
real  amount  of  the  compression  was,  in  fact,  only   -  ■    -      or  a 

little  less  than  one-half  per  cent,  as  may  easily  be  verified  by  any 
one'who  will  be  at  the  trouble  of  going  through  the  calculatioD. 
It  is  remarkable  that  this  amended  result  agrees  very  nearly  with 
that  of  Canton,  This  will  be  beat  evinced  by  computing  the 
heights  of  the  modulus  of  elasticity  of  water,  m  the  two  cases, 
according  to  Dr.  Young's  method.  As  deduced  from  Canton's 
eixperiments,  the  height  of  the  modulus  is  750,000  feet ;  f  while 
those  of  Mr.  Perkins,  when  correctly  computed,  would  show  it' 
to  be  743,260  feet — the  difference  being  less  than  one-hundredth 
of  the  whole.  So  near  an  agreement,  m  experiments  conducted 
by  different  methods^  is  very  satisfactory,  and  bears  the  stronger 
testimony  in  favour  of  the  accuracy  of  those  of  Mr.  Perkins,  in 
as  much  as  be  was  himself  not  aware  of  that  agreement.  It  is 
much  to  be  wished  that  this  gentleman,  to  whom  science  and 
the  arts  are  already  much  indebted,  will  persevere  in  the  prose- 
cution of  his  interesting  inquiry,  by  the  aid  of  the  ingenious 
afq)aratu3  he  has  invented,  and  from  which  the  discovery  of 
many  curious  and  important  facts  may  be  expected. 

I  am,  dear  Sir,  most  truly  yours, 

P,  M.  Roget, 

•  F<K  18S0,  Put  II.  p.  it*.        t  Yonng's  LectuiM  on  N&tun\  Fhilosiphf ,  i.  S76. 
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Deteriptiitn  of  a  new  Subslame  found  in  IroattOHe. 
By  the  Rev.  J.  J.  Conybeare.  . 

(To  the  Editor  of  the  Atmah  of  Philoiophy.) 

MT  DEAR  SIR,  SatA  £iw«m,  Jm.  IT,  ISei. 

DcBiNG  a  visit  to  South  Wales  in  the  course  of  last  summer, 
a  substance,  found  in  the  ironstone  of  Mezthyr  lydfil,  was  put 
into  my  hands  for  examination.  It  appears  to  me  to  differ  from 
all  the  varieties  of  bituminous  matter  hitherto  discovered,  suffi- 
cientlyj  to  form  a  separate  species,  ^ould  my  opinion  be 
«onrect,  I  would  propose  that  it  should  be  distinguished  by  the 
name  of  Hatchetme,  in  reference  to  the  eminent  chemist,  to 
whom  we  are  indebted  for  the  most  valuable  contributions 
towards  the  history  and  analysis  of  this  class  of  natural  snb- 
^tances.     I  remain.  Sir, 

Witti  much  esteem,  yours  sincerely, 

J.  J.  CONYBEABB. 


The  colour  varies  from  yellowish-white  to  wax  and  greenishi* 
yellow. 

The  texture  is  sometimes  flaky  (like  that  of  spermaceti), 
sometimes  sut^anular,  like  that  of  bees'  wax. 

The  lustre  is,  intheflaky  variety,  slightly  glistening  and  peariy; 
in  the  other  dull. 

The  transparency  is  in  the  flaky  (especially  in  thin  lamnise)  cod-. 
-siderable;  other  specimens  are  opaque. 

It  is  very  soft,  not  harder  than  son  tallow. 

It  has  no  elastici^,  and  no  odour. 

It  is  verv  fusible :  melts  when  placed  in  warm  water  under 

It  is  very  light. 

The  only  tuudogoua  substances  to  which  Hatchetine  might 
be  compared  are  petroleum  and  elastic  bitumen.  From  me 
fofmer,  it  differs  in  its  consolidation;  from  both,  in  the  greater 
part  of  its  external  character,  and  in  its  want  of  smell.  It  melts 
under  170°,  whereas  thin  bitumen  does  not  melt  even  in  boiling 
water,  like  elastic  bitumen,  it  is  readily  soluble  in  ether ;  ana 
«ach  solution,  by  spontaneous  evaipoTation,  leaves  a  viscid  oily 
matter  in  separate  drops,  but  that  from  Hatchetine  is  still  inodo-  ' 
TOus  i  while  that  from  elastic  bitumen  retains  strongly  the  pecu- 
liar smell  of  that  substance.  Hatchetine  distilled  over  the  naked 
ilame  of  a  spirit-lamp  assumes  the  bituminous  smell,  and  gives 
over  a  butyraceous  substance  of  a  gteenish-yellow,  coaly  matter 
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remainiDg  in  the  retort* ;  at  alower  heat,  it  gives  over  a  light  oil, 
I  have  no  means  of  ascertaining  its  ultimate  constituents  ;  but 
have  Uttle  doubt  that  the  above  characters  are  8u£Bcient  to 
authorize  our  considering  it  as  distinct  from  petroleum,  asphalt, 
and  elastic  bitumen,  the  only  three  species  (with  the  exception 
of  retinaspbalt,  which  occurs  under  very  different  geognostic 
tdations,  and  appears  to  be  the  result  of  a  very  different  natural 

Srocess)  into  which  substances  of  this  class  have  hitherto  been 
jvided  by  mineralogists. 

The  Hatchetine  is  found  filling  small  contemporaneous  veins 
Gned  with  calcareous  spar  and  small  rock  crystals  (termed  the 
Hezthyr  diamonds)  in  the  ironstone. 


Article  XIII. 

Electro-magnetic  Experiments. 
(To  the  Editor  of  the  Annah  of  Philosophy.) 
SIR,  Cambridge,  Jan.  M,  Ifltl. 

If,  as  I  imagine,  the  following  electro-magnetic  experiments 
aie  new,  you  wUl  oblige  me  by  inserting  them  m  the  next  number 
of  die  Annals  of  PhilosopAy. 

A  weight  was  suspended  from  a  small  horse-shoe  magnet ;  on 
connecting  the  north  pole  of  the  magnet  with  the.copper  side  of 
a  pair  of  galvanic  plates,  the  weight  was  attracted  more  strongly » 
on  reversing  the  wires,  it  fell.  .... 

A  small  magnetic  bar  being  placed  in  the  galvanic  circuit,  its 
south  pole  being  in  connexion  with  the  positive  end  of  the  bat- 
tery, the  magnetism  was  destroyed  in  half  a  minute. 

A  connecting  wire,  l-15th  of  an  inch  diameter,  being  placed 
horizontally  in  the  plane  of  the  magnetic  meridian,  over  a  com- 
mss,  the  deviation  of  the  needle  was  between  80°  and  90  ;  m 
Oersted's  experiments,  it  is  stated  to  be  about  45°. 

On  using  a  smaller  wire,  the  deviation  was  diminished ;  and 
when  the  diameter  of  the  wire  was  l-200th  inch,  it  was  less 
than  20°.  ,  „ 

Tliis  diminution  of  the  deviation  took  place  whether  the  smaU 
wire  were  immediately  over  the  compass,  or  interposed  in  any 
other  part  of  the  circuit. 

When  the  connexion  was  made  at  the  same  time  by  the  two 
above-mentioned  wires,  the  smaller  being  three  inches  long,  ttta 
longer  five  feet,  the  needle  of  a  compass  placed  underthe  smaller 
dented  about  10°  ;  that  of  another  under  the  la^er  deviated 

•  BUMicWiiimn,«  the  iunehe«SpTeiOTei«ydlowuli  (Ml  p«rie«ly  fluid. 
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S0°.     On  removing  the  larger  wire,  the  deviation  under  ^« 
Btnaller  increased^,  sic. 

When  the  circuit  was  made  by  a  glass  tube  filled  with  mer- 
«Ury,  the  deviation  was  the  same  as  with  a  wire  of  the  same 
thickness ;  but  on  removing  the  mercury,  and  coating  the  tube 
with  silver  leai^  the  deviation  was  not  more  than  between  S^ 
4nd  10°. 

The  electro-magnetic  influence  was  not  diminished  by  raising 
the  connecting  wire  to  a  red  heat  ^  but  6n  interrupting  the  circuit 
by  water,  it  was  destroyed,  though  the  connecting  wire  placed 
immediately  over  the  compass  decomposed  water  at  each  eod. 

If  the  connecting  wire  were  bent  alternately  from  N,  toS.  and 
from  S.  to  N.  the  magnetic  needle  deviated  to  the  W.  of  the  N, 
in  all  the  fonn^, .  and  to  the  £.  of  M.  in  all  the  latter  bending; 
whatever  were/  their  number,  and  in  whatever  part  of  the  wire 
they  were  placed. 

When  the  connecting  wire  was  made  to  pass  from  N.  to  S. 
over  the  needle,  and  from  S.  to  N.  under  it,  the  electro-magnetic 
influence  was  doubled. 

A  single  pair  of  rBther  tai^e  plates  was  found,  ae  in  Oersted's 
experiments,  to  be  more  efficacious  than  a  number  of  plates  with 
tbeusnal  arrangement ;  but  when  wires  from  all  the  zinc  plates 
were  connecCea  on  one  side,  and  from  all  the  copper  plates,  on 
the  other,  the  electro-magnetic  influence  increased  with  the  numo 
ber  of  plates. 

IG was  fbnnd  that  the  relative  quantities- of  gfllvantsm'generarted 
in  diflferent  experiments  might  be  estimated  with  great  readiness' 
and  acouraoy  by  using  a  graduated  slide  carrying  that  connecting; 
wire  over  a  fixed  compass  with  a  standard  deviation. 

I  am.  Sir,  respectfully  yours,  J.  C. 


Article  XIV. 
Analyses  oF'  Books. 


Vntersucktingen  uber  den  Magnetismus  der  Erde.    Von  Christo- 
pher Hansteen,  Professor  der  Angewandten  Mathematik  an 

den  Nonvegischen  Universitiit.     Christiania,  1819. 
Sesearckes  on  the  Magnetism  of  the  Earth.     By  Professor  Han- 
ateen,  of  Christiania.     1  vol.  4to.  650  pages. 

I  HAVE  Just  received'a  copy  of  the  first  vohime  of  this  cete- 
ttr&ted  work,  whieh  I  have  been  veiy  anxious  to  see.  i  aM 
ttrwilKng  to  pemsB  it  till  I  recovCT  the  Atlasi  wMoh  on^  to 
have  accompanied  it,  and  which  has  been  unfortunately  lost  on 
the  way  between  Christiania  and  London;  bnt  I  cimattt  avoid 
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aamedtstdy  amioaneing  it  to  die  pubKe,  and  pointing  oat  tlf» 
importance  of  publishing  it  in  an  English  tranalation.  I  Bhsff 
tfe&e  a  future  opportunity  of  giving  a  detailed  acconnt  of  it  to 
the  readers  of  ih^  Annals  of  Philosophy.  At  present  I  shfdE 
merely  give  the  titles  of  the  great  diTiaiona  of  the  work',  and  add 
some  iiAportant  facts  and  correctioas  which  Ptofessor  HanSteen 
Has  poiniied  out  to  me  in  a  letter,  dated  Christiania,  Tfor.  21, 

isao. 

-    After  an  introduction  of  14  pages,  P^f.  Hanate^  treats  of,. 

1.  Halley's  lines  and  of  their  motion  between  1600  and  1800. 

2.  Of  the  lines  of  inclination,  and  of  the  magnetic  intensity. 

3.  The  number,  position,  and  periodal gyration  of  the  magnetic 

Soles  round  the  pole  of  the  earth.  5.  Calculation  of  Halley's 
nes  from  the  fiist  imperfect  theoiy  of  Buler.  5.  Mathematierf 
theory  of  m^netism.  6.  AppHcation  of  the  theory  of  magne- 
tism to  the  theory  of  the  magoetical  dechnation,  inclination,  and 
intensity,  in  a  given  place,  whose  geographical  position  is  known. 
7.  A  more  accurate  determination  of  the  position  of  the  magne- 
tical  axes,  their  size  and  relative  intensities.     8.  Of  ttie  daily 

.Tftriation  of  the  needle.  The  whole  terminates  with  very  ample 
tables  of  the  declination  and  dip  in  various  parts  of  the  earth. 

Prof.  Ilansteen  requests  me  to  inform  the  public  that  his 
seventh  chart,  showing  the  dip  of  the  magnetic  needle,  is  erro- 
neous, because,  when  projecting  it,  he  was  unacquainted  with 
the  original  observations  made  in  the  course  of  a  voyage  to  the 
Northern  Pacific  Ocean  by  Capt.  Cook  and  Mr.  William  Bayley. 
Led  astray  by  some  observations  of  Krusenstem,  he  was  induced 
ih  the  corrections  and  additions  to  his  work,  p.  21,  22,  to  con- 
tradict M.  Biot,  who  insists,  in  his  Traits  de  Physique,  torn.  iii. 
p.  131,  that  the  line  of  no  dip  (magnetic  equator)  cuts  the  equa- 
tor of  the  earth  three  or  (our  times.  "  But,"  continues  Prof. 
Hansteen,  "  Blot  is  in  the  right,  and  the  accompanying  cor- 
rected chart  shows  the  dipping  lines  in  the  Pacific  in  ^eir  right 
form.  Your  mentioning  in  your  Annals^  in  a  few  words,  that  I 
myself  acknowledge  my  error,  will  be  conferring  a  particular 
obligation  on  me," 

"  On  observing  the  oscillations  of  a  magnetical  steel  cylinden, 
suspended  by  a  silk-worm  thread  in  a  small  box  with  glass 
opening,  I  have  made  the  curious  discovery  that  the  magneti- 
cal intensity  of  the  earth  has  a  daily  and  annual  variation.  By 
a  chronometer  of  Amold's,  1  observe  five  times  every  day,  at 

■  stated  hours,  the  time  required  for  completing  300  vibrations  j 
and  these  observations  I  have  already  continued  for  neatly  a 
year.  From  early  in  the  morning,  the  intensity  is  on  the 
decrease  until  between  10  and  11  o'clock  in  the  forenoon,  when 
ft  has  reached  its  minimum.  From  this  time  it  increases,  at 
fitst  slowly,  aJlerwards  more  rapidly,  till  it  reaches  the  maximum 
at  four  o  clock  afternoon  in  the  winter,  and  between  six  and 
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^  about  ten  ia  the  eveaing.  In  the  winter,  the  intensity  im 
much  stronger  than  in  summer.  The  greatest  intensity  appears 
to  happen  in  the  month  of  January ;  the  least  happened  this- 
j«Br  (1820)  on  the  13th  of  July.  The  daily  variatioDS  are  much 
greater  in  summer  than  in  winter. 

"  Great  irregularities  occur  at  times,  especially  on  those  days, 
when  the  moon  passes  the  equator,  or  on  the  quarter  days  of  me 
moon.  Similar  great  changes  I  have  observed  during  the  equi- 
noxes. The  influence  of  the  northern  lights,  as  already  observed 
by  Mr.  Humboldt,  is  very  remarkable,  and  frequently  it  does  not 
regain  its  former  strengto  till  after  the  lapse  of  24  hours." 

"  I  have  hkewise  found  in  the  same  manner  that  every  per- 
pendicular object,  of  whatever  materials  ;  for  instance,  a  tree, 
the  waJl  of  a  house,  8tc.  has  a.  magnetic  north  pole  at  the  foot, 
wtd  a  south  pole  at  the  top." — T.  T. 

An  Essay  on  Chemical  Analysis,  chiefla  translated  from  the 
Fourth  Volvme  of  the  last  Edition  oj  the  Traiti  de  Chimte 
Elementaire  of  L,  J.  Thenard,  with  Additions,  cbmprehending 
the  latest  Discoveries  and  Improvements  in  this  Branch  of  tM. 
Science.  With  Plates.  By  John  George  Children,  FRSL. 
andE.  FAS.&c.8tc. 

Chemical  analysis,  owing  to  the  great  number  of  simple  sub- 
stances with  which  the  science  has  been  enriched,  and  the  con- 
sequent increase  of  compounds,  is  now  rendered  a  subject  of 
considerable  difficulty  and  complexity.  These  have,  however, 
in  many  instances,  been  fortunately  diminished  by  the  discovery 
of  the  doctrine  of  deflnite  proportions,  which  the  chemist  may 
now  avail  himself  of  in  proof  or  the  justice  of  his  views,  and  the 
correctness  of  bis  analyses.  It  must,  however,  at  the  same  time  be 
admitted,  that  this  discovery,  vast  as  its  importance  is,  is  liable 
to  be,  and  probably  has  been,  misused  by  some  who  have  deter- 
mined what  the  composition  of  a  body  ought  to  be,  rather  by  a 
comparison  of  numbers  than  by  the  slow  and  tedious  process  of 
analysis.  It  is,  however,  to  be  remarked  that  the  doctrine  of 
definite  proportions,  although  it  may  be  called  in  to  prove  the 
correctness  of  an  analysis,  ought  never  to  supply  the  place  of 
one — I  do  not  mean  that  it  is  not  allowable  to  form  conjectures 
as  to  the  composition  of  bodies  by  the  aid  of  the  atomic  theory; 
I  only  mean  that  these  conjectures  should  not  be  stated  as  facts 
to  be  absolutely  relied  on. 

Mr.  Children  has  stated  so  clearly  the  motive  which  induced 
him  to  undertake  the  present  work,  that  I  shall  give  his  own 
words  on  the  occasion :  "  On  reading  the  fourth  volume  of 
M.  Thenard's  Traiti  de  Chimie  Elementaire,  Theorique  et 
Pratique,  which  treats  exclusively  of  chemical  analysis,  and  in 
»  manner  much  more  satisfactory  and  complete  than  any  other 
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vork  I  had  before  met  with,  it  Btmck  me  that  if  translated  into 
our  language,  it  could  not  fail  to  be  of  great  utility  to  the  English 
chemiit."  Mr.  Children  then  observes,  that  to  the  first  edition 
of  the  author  he  had  added  the  valuable  matter  contained  in 
the  second  edition,  which  appeared  while  the  translation  wu 
proceeding. 

Mr.  Children  was,  I  think,  judicious  in  the  choice  of  the 
author  whom  he  selected,  for  giving  to  the  English  chemist  a 
more  full  account  of  the  minutice  of  analysis,  than  had  ever 
appeared  in  our  own  language.  ' 

Those  parts  of  the  wort  which  depended  merely  upon  the  trans* 
lator,  it  IS  hardly  requisite  to  state  have  been  accurately  per- 
formed by  Mr,  Ctiildreo  ;  but  it  would  be  doing  him  great  injus- 
tice not  to  mention,  that  much  new  and  valuable  information,  not 
to  be  found  in  the  original  work,  has  been  added :  in  saying  this; 
I  do  not  mean  merely  that  such  notices  have  been  collected  as  are 
within  the  reach  of  every  one  who  inspects  the  various  sources 
of  chemical  knowledge ;  but  on  several  occasions  Mr.  Children 
has  given  us  the  results  of  his  own  experiments  and  observations, 
and  which,  i  think,  cannot  fail  to  be  useful.  The  directions  foi 
the  use  of  the  blow-pipe,  and  the  appearance  which  certain  sub- 
stances present  after  its  action,  form  a  very  excellent  part  of  the 
appendix  ;  and  Mr.  Children  shows,  by  the  attention  which  he 
has  paid  to  the  subject,  that  he  has  duly  appreciated  the  value  of 
Bergman's  remarks  upon  the  blow-pipe,  with  which  he  very 
aptly  concludes  his  remarks  on  this  useful  instrument. 

On  the  subjects  of  the  analyses  of  vegetable  and  animal  sub- 
stances, a  concise  but  clear  account  of  the  proximate  principles 
of  vegetable  bodies  has  been  introduced,  ft  is,  however,  to  be 
observed,  that  by  an  oversight,  the  very  widely  diffused  and 
vduable  vegetable  product  tannin  has  been  totally  omitted,  nor 
is  its  combination  with  gelatine  and  albumen  mentioned. 

On  the  subject  of  the  atomic  theory,  Mr.  Children  justly 
remarks,  "  that  in  the  great  progress  which  chemistry  has  made 
within  a  few  years,  one  of  its  most  important  steps  towards  per- 
fection as  a  science,  is  the  establishment  of  tiie  atomic  theory;" 
A  knowledge  of  the  principles  upon  which  it  is  founded,  afford- 
ing, he  observes,  to  the  practical  analyst  an  easy  and  almost  in- 
fallible test  of  the  accuracy  of  his  experiments. 

Mr.  Children  then  gives  a  sketch  of  the  atomic  theory,  which 
will  afford  the  young  chemist  miich  useful  information  on  this 
curious  and  highly, interesting  topic.  It  may  be,  perhaps,  outof 
place  here,  but  1  cannot  help  remarking,  the  difference  which 
exists  among  chemical  philosophers  as  to  the  numbers  by  which 
they  represent  hydrogen  and  oxygen ;  for  it  will  be  found  that 
they  differ  considerably  both  in  quantity  and  proportion.  Thus 
Mr.  Dalton  represents  hydrogen  by  1 ;  and. oxygen  by  7.  Sir 
H.  Davy,  hydrogen,  2,  and  oxygen,  15.  Dr.  Henry,  hydro- 
gen, I,  and  oxygen,  7-5.    Mr.  Brande  agrees  with  Dr.  Henry 
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Dr.  WoUasttmr^reeents  bydrogsnby  l-3i2,  aiLd'OXygenby  10. 
Be.  ThDmflon,  hydrogen,  0-125,  and  oxygieD,  1.  It  is  maai  ia 
be  regretted  that  these  variatioDs  should  exist :  they  produce  the 
iH  eiSect  of  appearing  to  render  a  subject  difficult  which  is  eaaif 
of  ei^anatioD,  by  merely  stating,  as  Mr.  Childcen  has  dime,  that 
whatever  portion  we  take  of  a  compound  mass,  "  it  most  ccm- 
tain  a  certain  number  of  atoms  of  each  sub  stance  j  and  although 
we  knon  nothing  of  their  actual  aiuufoer,  still  we  obtain  by  aua^ 
hnifi  the  proportion  that  the  atoms  of  one  kind  bears  to  those  of 
the  other ;  or,  supposing  the  compound  to  contain  an  equal 
mnnb^  of  each,  the  proportionate  weighta  of  the  atoms  them-  ' 
selws." 

On  the  Bul^ct  of  the  analysis  of  mineral  waters,  Mr.  Children 
hta  added  nmch  to  the  original  work  of  M.  Thensrd.  He  Juu 
particularly  noticed  the  opinions  of  the  late  Dr.  Murray.,  to  tha 
aisenuity  of  whose  views  on  this  subject,  as  well  as  oa  every 
ether,  1  wish  (however  useless)  to  add  my  assent.  1  confess,  how- 
em&,  Sot  reasons  which  I  shail  take  another  opportunity  of  stating 
duit  I  do  not  accede  to  the  correctness  of  nis  views  when.sup- 
pnsiag  that  those  salts  which  esist  in  a  mineral  water  are  such 
M  result  from  the  union  of  those  acids  aud  bases. as  form  the 
Most  soluble  compounds.  Whatever  1  mtw  advance  on  this 
BotMcct,  1  am  nevertheless  of  opinion  that  the  resulta  obtaioed 
by  Dr.  Murray  in  his  analysis  of  sea  water,  ^ow  that  the  mod* 
much  he  em^Joyed  was  generally  coneot;  and  Mr.  Childr^ 
has  judiciously  inserted  it. 

hi  die  Appendix,  Mr.  Children  has  given  Dr.  Maroet's  method 
af  detecting  the  presence  of  arsemc,  obserying  "  that  the 
anhappy  frequency  with  which  arsenic  has  been  en^loyed  for 
tbe  most  nefarious  purposes,  renders  an  infallible  mode  of 
detecting  its  preeence,  when  in  very  minute  qtutatity.,  a  great 
desideratum  in  medical  juiisprudenee."  "  Ithas  been  objected," 
•ays  Mt.  Children,  "  to  this  test,  that  if  a  phosphate  be  -present, 
its  indications  are  ambiguous;  for  the  colour  of  phosphate  d 
fAvei  is  not  much  unlike  that  of  araenite  of  silver.  An  'expe- 
rienced eye,  however,  will  readily  distinguish  between  them ;  the 
latter  being  ofa  brighter  yellow  than  the  former."  1  must  oon- 
fasB  that,  this  ambiguity  is  to  me  aa  insuperable  ob^eotion  t» 
what  is  termed  the  silver  test.  I  have  seen  iffecipitates  occ^ 
sinned  by  tlie  phosphoric  and  aisenious  acids  so  similar  in 
Dfdour  that  I  could  not  distinguish  any  difiWenoe,  and  much  lew 
any  Toriatioo  which  would  be  a  sufficient  guide  for  d^ding 
An  the  soleimn  and  unhappy  occasions  in  which  evidence  ia 
le^prired.  It  is,  however,  but  proper  to  ttdd,  tha^  Dr.  Marcet 
IH>  longer  depends  upon  the  evidence  afforded  by  colour  of  the 
fveoipitats  ch  araenite  of  silver,  aoless  it  be  oarrebomtfid  by 
M^er  appearances. 

-**  15ie  best  mediod  that  I  know  of,"  s^  Mr.  ChildpMi,"is  to 
jma  a  cnirent  .of  su^urett^  hydrogen  gas  iato  a  auspeeted 
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aolulioif,  wheo,  i£  aisenious  acid  be  present,at  wilt  oocaaion  the 
^twoearaDce  of  a.  fine  lemon-yelkiw  colour  throu&li  theHquid,  but 
siSl  have  do  actuw  on  phosphate  of  silver.  That  suhstaoci^ 
however,  mayjireveat  the  yellow  oolour  from  appearing,  although 
^nenious  acid  be  actually  contained  in  ihe  solutioa;  but  toft 
addition  of  a  very  few  drops  of  very  dilute  pure  nitric  acid  will 
iomedialely  produce  it.  If,  therefore,  both  the  silver  teat  and 
the  sulphuretbed  hydrogen  concur  in  indicating  the  presence  <^ 
^e  poiBon,  no  reaBoaaole  doubt  can  be  eutertainea  respecting 
it;  but  it  ifi  certainij^  an  additional  satisfaction  to  reduce  a  porr 
idoD  to  the  metallic  state,  or  at  least  to  sublime  the  oxide  so  as 
toirsnder  its  peculiar  albaceous  odour  distinctly  evident,  v^eie 
enough  can  be  procured  for  the  purpose,  though  that  cannot 
often  be  expected." 

I  shall  oQer  one  or  two  observations  upon  this  statement,  and 
1  trust  Mr.  Children  will  believe  that  I  do  aot  object  upon  wha^ 
spears  to  me  frivolous  grounds.  In  the  first  [uace,  I  think  it 
jaare  convenient  to  employ  a  solution  of  sulphuretted  hydrogen 
in  water  than  to  pass  the  gas  through  the  suspected  Eolution^ 
the  same  effects  are  produced,  and  to  pass  gas  through  sosmaU 
a  quantity  of  fluid  as  it  is  sODiel.imes  necessary  to  operate  upon^ 
increases  the  difficulty,  but  not  the  certainty  of  the  process.  It 
i^ald  be  obsened  that  no  hydroetilphiiret  m  «oluttou  should  be 
■employed  ioHtead  of  the  mere  gas;  and  the arsenifjtia  acid  shoidd 
-be  dissolved  simplyin  water  witiiout  the  aid  of  any  alktdi ;  for 
tins,  if  I  remember  rightly,  interferes  with  the  aotion  of  the  tul- 
^reCted  i^rogen. 

With  respect  to  the  employment  of  a  nitric  acid,  in  oaje  phos- 
phoric salts,  be  .pceeent,  I  entertain  considemble  doubt.  Nitric 
.wid  decaa^xwe8  Bulj^urettjed  hydrogen,  precipitating  the  sul- 
phur, which  may  interfere  with  the  prooess  if  the  acid  be^m> 
pltraed  in  excess. 

Mr.  Children  states  that  he  finds  that  sulphuretted  hydrogen 
gives  a  decided  yellow  colour  to  an  ounce  measure  of  distiUed 
water,  containing  one  drop  of  a  saturated  solution  of  arsenious 
acid,  equal  to -,~^th  of  a  groin  of  the  solid  acid,  or  about  -rr^Tth 
of  the  whole  weight  of  the  solution.  Two  or  three  drops  of 
phosphate  of  soda  preventetl  its  action,  ^but  a  little  very  dilute 
acetic  acid  immediately  produced  the  yellow  colour.  Mr.  Chil- 
dren properly  observes  -that  l^e  acetic  acid  ought  to  be  pure, 
and  not  Bucih  as  hm  been  distilled  through  a  metaUic  worm. 

It  i^pears  from  .this  fitatemeut  that  the  powier  of  sulphuretted 
Itfdioeen  as  a  teat  of  axsenic  ia  very  great.  It  is  singular  tluit 
pnospAate  of  aoda  should  prevent  its  action ;  and  I  would  sui>- 
Ji)il^«hfi)lier.thifi  .very  circumBbmce  cannot  be  taken  advantage 
of  ifts  an  ftdditioiuU  ^oof  of  the  presence  of  anenic. 

jIn  a  work  of  this  nature,  embracing  so  noany  and  «Hcli  vaned 
|MBt0-flf  tbe  aaiwMe,  at  is  not  to  be  w<Nadaea«t  that  sorae  few 
Hiarcuiacies  dHould  ^)pew.    As  an  example  of  tbeee,  I  v/tndf 
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mention  that  Mr.  Children  does  not  seem  to  have,  in  all  cases, 
clearly  distinguished  between  chlorides  and  dry  muriates,  and 
the  compounds  of  muriatic  gas :  thus,  in  p.  229,  we  ate  told  that 
100  parts  of  hydrochloric  acid  saturate  102  of  lime.  This  must 
be  what  was  formerly  called  dry  muriatic  acid — a  substance  of 
-which  Mr.  Children  will  not  admit  the  existence  ;  but  it  will  be 
observed  in  other  cases,  especially  in  the  note  at  the  bottom  of 
this  page,  that  Mr,  Children'evidently  refers  to  hydrochloric  acid, 
as  a  compound  of  hydrogen  and  cnlorine.  I  confess  I  see  no 
advantage  in  using  the  term  barya  instead  of  baryta,  or  even 
baryta :  and  if  the  term  hydraailoric  acid  is  to  be  admitted,  I 
cannot  conceive  on  what  gi-ounds  kydrontlphvric  acid  for  sulphn- 
Tetted  hydrogen  is  to  he  rejected. 

1  had  intended  to  have  made  various  other  references  to  the 
useful  additions  contained  in  the  Appendix  ;  but  1  have  already 
extended  this  article  to  so  great  a  length  that  I  must  conclude 
with  observing,  that  this  woik  contains  in  a  moderate  compass 
what  can  scarcely  be  found  without  numerous  references  to  a 
variety  of  chemical  authorities;  and  I  strongly  recommend  it  ai 
worthy  of  the  confidence  and  study  of  the  young  analyst. — Ed. 

Note  by  the  Editor. — In  the  last  number  of  the  Annah,  some 
errors  occurred  in  the  analysis  of  the  Edinburgh  Pharmacopoeia. 
In  mentioning  the  Oxiditm  Hydrargyri  Ctnereum,  the  quan- 
tity of  lime  contained ,  in  the  lime-water  is  much  overrated. 
Under  common  circumstances,  the  quantity  directed  by  the 
.College  cannot  be  considered  as  too  large. 

Page  61,  line  10  from  the  bottom,/or  42  read32. 

2  from  the  bottom,  for  one-ninth  part  read  OM- 
third  part. 


Article  XV. 

Proceedings  of  Philosophical  Societiei, 

ROYAL    SOCIETY. 

In  the  last  number  of  the  ^nna/s,  the  address  ofSir  Humphiy 
Davy,  on  taking  the  chair  as  President,  was  given  with  a  degree 
of  b^e^^ty  so  little  suited  to  the  occasion,  that  I  am  happy  to  be 
able  now  to  give  more  at  length  the  heads  of  his  discourse. 

The  President  commencea  his  address  by  repeating  his  thanla 
to  the  Fellows  of  the  RoJ^al  Society  for  the  distinguished  honour 
which  they  had  done  him  by  placing  him  in  tile  chair.  He 
Btated  his  entire  devotion  to  the  cause  of  science,  and  assured 
the  Society  that  his  feelings  were  deep,  and  would  be  pertsaDent. 
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Sir  H,  Davy  then  proceeded  to  point  out  the  difficulties  .wbicti 
atteoded  the  pursuits  of  philosophers  at  aa  early  period,  aoA 
lence  existed  the  necessity  of  placing  in  the  rooms  of  the  Iloyal 
Society  a  collection  of  such  machines  as  were  useful  in  tlie  pro7 
gress  of  experimental  knowledge.  From  the  improvements 
nhich  had  been  made  in  mechanical  and  chemical  arts,  he 
observed  there  were  now  but  few  occasions  in  which  individuals 
cotild  not  conduct  their  experiments  in  their  own  laboratories ; 
he  expressed  ahope,  however,  that  on  occasions  of  importance, 
iind  which  might  incur  great  expense,  the  proposers  would  not 
M  to  recur  to  the  Society. 

The  President  then  observed,  that,  owing  to  the  progress  of 
science,  various  associations  had  been  formed  for  its  advance- 
ment since  the  period  when  the  Royal  Society  stood  alone,  and 
lie  expressed  a  hope  that  it  would  always  preserve  the  most 
amicable  relations  with  these  new  Societies  ;  and  that  when  any 
new  facts  of  importance  were  observed  by  them,  they  would  not 
fail  to  communicate  them  to  the  Koyal,  as  tlic  parent  Society, 
whose  records,  he  observed,  contain  all  that  was  valuable 
&)m  the  time  of  our  early  philosophers.  He  disclaimed,  how- 
ever, all  wish  on  the  part  of  the  Royal  Society  to  exercise  aay 
authority  over  the  more  recent  associations,  whose  objects 
were  similar. 

AHer  some  further  remarks  on  the  inexhaustibility  of  the  sub- 
jects of  scientific  pursuit,  he  observed  that  philosophers,  like  the 
eody  cultivators  m  a  great  new  continent,  in  proportion  as  they 
clear  the  country,  discovei  more  and  more  the  vastness  of  the 
sniTounding  wilds.  As  the  chart  of  a  new  country  is  essential  in 
guiding  the  traveller,  bo,  he  continued,  might  the  aspects  and 
characters  of  new  objects  be  useful  to  scientific  investigation ; 
and  with  this  view  the  President  offered  some  observations 
respecting  those  difficult  departments  of  inquiry  which  appeared 
most  capable  of  improvement.  The  pure  mathematics,  as  a  work 
of  intellectual  combination,  are,  he  conceived,  incapable  of  receiv- 
ing aid  from  external  phenomena ;  he  considered  them,  how- 
ever, at  the  present  moment  as  promising  new  applications, 
observing  that  many  departments  of  philosophical  inquiiy,  to 
vhich  the  mathematics  were  formerly  inapphcable,  are  now 
brought  under  its  dominion. 

Alter  the  discovery  of  the  Georgium  Sidus  there  appeared  but 
litfle  probability  that  new -planetary  bodies  should  be  discovered 
nearer  to  our  earth  than  any  of  tnose  already  known ;  yet  this 
soppcHiition,  the  President  observed,  had  been  found  erroneouB, 
wnig  to  our  limited  conceptions  of  nature.  The  discovery  of 
bodies  smaller  than  satellites,  but  having  the  motions  of  primary 
]^ets,  has  opened  new  views  of  the  arrangement  of  tne  sow 
system. 

Sir  H.  Davy  then,  alluding  to  astronomy,  as  the  most  aacieot 
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and  perfect  of  the  sciences,  pointed  out,  as  anbjects  for  investi- 
gation, the  nature  of  the  systems  of  the  fixed  stars,  their  chants, 
Sie  relations  of  cometary  bodies  to,  the  Bun,  and  the  motions 
of  those  meteors  which  throw  down  showers  of  stones  ;  for 
in  a  system,  he  observed,  in  which  all  is  harmony,  even  these 
Inust  be  governed  by  fixed  laws,  and  intended  for  definite 
purposes. 

'  The  great  question  of  universal  cavitation,  and  its  conaexlon 
■with  the  figure  of  the  earth,  the  President  (Served,  had  been 
long  solved.  By  the  mechanical  refinements  of  a  Fellow  of  the 
Society,  new  means  had  been  devised  of  estimating  the  force  of 
gravity  with  exactitude.  Sir  H.  Davy  stated  the  desire  which  he 
knew  was  entertained  by  the  Royal  Academy  of  Sciences  at 
Paris  to  connect  their  labours  with  those  carried  on  by  die  com- 
mand of  the  Board  of  Ordnance  in  Britain :  should  this  take 
place,  there  would  then  be  established,  he  observed,  on 
the  highest  authority,  an  admeasurement  of  l-18th  of  the 
■whole  circumference  of  the  earth — a  great  record  for  posterity, 
and  an  honour  to  our  own  times. 

As  connected  with  the  subject  of  the  figure  of  the  earth.  Sir 
H.  Davy  referred  to  the  late  voyage  to  the  Arctic  regions,  which, 
he  observed,  presented  hopes  of  greater  discoveries ;  and  he 
made  honourable  mention  of  those  by  whom  the  expedition  was 
planned  and  executed — an  expedition  which  he  characterized  as 
worthy  of  the  greatest  maritime  nation  in  the  world. 

The  discoveries  of  fluygens,  Newton,  and  Wollaston,  in  the 
titeory  of  light  and  vision,  were  stated  tq  have  been  foBowed  by 
those  ofMwus.  The  President  then  alluded  to  the  subject  of  the 
polarization  of  light,  and  the  labours  of  other  eminent  philoso- 
phers; and  expressed  an  opinion  that  this  discovery  would 
establish  a  new  connexion  between  mechanical  and  chemical 


The  subject  of  heat  as  connected  with  that  of  light  wbs 
remarked  as  having  lately  afforded  a  rich  harvest  of  discovery. 
"The  applications  ofthe  doctrine  of  heat  to  the  atomic  or  corpus- 
cular philosophy  of  chemistry  were  represented  by  the  President 
as  abounding  in  new  views  ;  and  he  noticed  several  facts  whidi 
seemed  to  point  to  some  general  law  on  the  subject:  1.  The 

S parent  equable  motion  of  radiant  matter,  or  Ught  and  beat, 
rough  space.  2.  The  equable  ezpansicm  of  all  elastic  &udB 
by  equal  increments  of  temperature.  3.  The  contraction  or 
expansion  of  gases  by  chemical  changes,  in  some  direct  ratio  to 
their  original  volume.  4.  The  circumstance  that  the  elementaty 
particles  of  all  bodies  appear  to  possess  the  same  quantity  of 
beat. 

The  wonderful  electrical  instrument  of  Volta  had  done  more, 
it  was  remarked,  for  the  obscure  parts  of  physics  and  chemistry, 
than  the  microscope  for  natural  histoiy,  or  even  the  teleacope 
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tot  BstroBQmy.  Sir  H.  Dav-y  tbea  alluded  to  the^leqlro-magne- 
tic  experiments  of  Oersted,  and  the  award  of  theCbpIeiaa.n^did 
to  Ijiat  philosopher. 

llie  subject  of  chemistry  next  claimed  the  attentiou  of  the 
Preaident;  and  be  justly  remarked,  that  to  point  out  all  the 
objects  worthy  of  inquiry  in  this  brancb  of  science  would  requice 
many  sittings  of  the  Society.  Among  the  mose-iaiportaat  aee^- 
derata,  were  mentioned  the  knowledge  of  the^atuceofthe  com-, 
htoations  of  the  principle  of  the  fluor  spar,  and  the  metallization 
of  amDionia,  together  with  the  connexion  between  mechanical 
and  chemical  phenomena  in  the  action  of  voltaic  electricity. 
Sir  H.  Darv  then  congratulated  the  Society  on  tberapid  advaucE^ 
made  in  the  theory  of  definite  proporUons,  since  it  was  first 
advanced  in  a  distinct  form  by  the  ingenuity  of  Mr.  Dalton,  and 
he  stated  the  promise  which  it  aiForaa  of  serving  the  vecondite 
ohauges  in  the  particles  of  matter,  by  laws  depending  upon  their 
weight,  number,  and  figure.  As  connected  with  demiite  propoi- 
tions,  the  crystalhzations,  or  regular  forms  of  ino^anic  matter, 
were  next  noticed,  and  were  observed  to  depend  upon  the  motion 
ef  the  combinatioas  of  elementary  particles,  to  which  the  laws 
of  electrical  polarity  and  the  polarisation  of  light  seemed  to  have 
relation.  Alluding  to  the  difficulty  of  framing  an  hypothesis  to 
account  for  the  origin  of  the  primary  arrangements  ofthecrygtal- 
lioe  matter  of  the  globe,  Sir  H.  Davy  stated  the  two  principal 
fects  which  present  analogies  on  the  subject :  One,  that  the  loiaa 
ciflhe  earth  IS  that  whiclf  would  result,  suppo»ng  it  to  have  been 
ong;inally  fluid  ^  and  the  other,  that  in  lava^,  masses  decidedly 
of  Igneous  origin,  crystalline  substances  sinuJar  to  those  belong- 
u»  to  the  primary  rocks,  are  ibuod  in  abutidance. 

The  President  then  noticed  the  regular  gradations  which  occur 
in  the  pheoomQBa  of  nature,  from  the  motions  of  the  great 
naases  of  tho  heavealy  bodies,  to  the  imperceptible  changes 
which  produce  the  }thenom^ia  of  crystallization ;  and  when  tins 
ends,  the  serios  of  animated  nature  governed  by  a  distinct  set  «f 
Iftwa,  begins ;  and  as  important  objects  of  lavestigation,  the 
iiiBctious  9tiA  oipemiioafi  fit  organized  beings  were  pointed  out ; 
B^  loi  instsiaofs,  those  reined  chemiqal  [aocesaes  by  which  the 
d«adi  and  .decay  (*(  one  species  afford  noniisbmeat  for  another 
Wd  higher,  order ;  ^y  which  the  watei;  and  inert  matter  of  the 
MUl  ima  t^e  fattBDspher«  are  converted  mtp  delicately  i>rgaiiisftd 
>^ikMw«s,  filled  with  life  and  beiauty. 

In  vegetable  physiology,  the  motiiHi  of  tba  sap>  <lie  functions 
sf  the  Jwves,  and  the  nature  of  tiie  Qi;gaus  of  asaimilation,  were 
au»tione4  as  phecwnent  «^11  remaining  ^  uivestigatioa  i  and 
waaimal  pl^ysbalt^,  tiie  subjects  were  stated  to  be  still  moie 
Awied,  obiteiire,  and  of  a  bi^er  order;  «od.a^pe  wa&fzpiesaed 
by  the  Preaident,  tbat  this  philosopbeniqf  the  sdiocJs  of  Gre«£ 
and  Aiatw  itavii.  wfc  0M#q.  time  «ffort«  foe  the  iai|w«vement  9^ 
k2 
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these  branches  of  science,  the  first  of  great  utility  to  agricultare^ 
and  the  latter,  to  medicine. 

Sir  H.  Davy  then  expressed  his  conviction  that  the  spirit  of 
philosophy,  awakened  by  the  great  masters.  Bacon  and  Newton, 
would  guide  the  future  proceedings  of  the  Fellowa  of  the  Royal 
Society.  The  sober  and  cautious  method  of  inductive  reasonings 
of  these  great  philosophers,  he  described  as  the  germ  of  truth  and 
of  permanency  in  all  the  sciences ;  and  he  trusted  that  those 
who  vrere  so  fortunate  as  to  kindle  the  hght  of  new  discoveries 
would  use  them,  not  for  the  purpose  of  dazzling  the  organs  of 
intellectual  vision,  but  rather  to  enlighten,_by  showing  objects  in 
their  true  form  and  colours. 

A  hope  was  also  expressed  by  the  President^  that  our  philoso- 
phers will  attach  no  undue  importance  to  hypotheses,  treating 
them  rather  as  parts  of  the  scaffolding  of  the  building  of  science 
than  as  belonging  to  its  foundations,  materials,  or  ornaments ; 
that  they  wiU  look  where  it  is  possible,  to  practical  applications 
in  science,  without  forgetting  the  dignity  of  their  pursuit,  the 
noblest  end  of  which  is  to  exsdt  the  powers  of  the  human  mind, 
and  to  increase  the  sphere  of  intellectual  enjoyment,  by  enlarg- 
ing our  views  of  nature,  and  of  the  power,  wisdom,  and  goodness, 
of  the  author  of  nature. 

After  alluding  to  the  right  which  the  Royal  Society  had  to 
expect  proofs  of  the  zeal  of  those  members  in  promoting  its  pro- 

Sess  who  had  not  yet  contributed  to  it ;  and  after  stating  that 
e  Society  would  always  consider  the  success  of  past,  as  pledges 
of  future  contributions,  the  President  concluded  a  brief  But 
luminous  and  impressive  review  of  the  present  state  of  the 
sciences,  with  observing,  "  For  myself,  I  can  only  say  that  I 
shall  be  most  happy  to  give,  in  any  way,  assistance,  either  by 
advice,  or  experiments,  m  promoting  the  progress  of  discovery. 
And  though  your  good  opinion  has,  as  it  were,  honoured  me 
with  a  rank  similar  to  that  of  a  General,  I  shall  be  always  happy 
to  act  as  a  private  soldier  in  the  ranks  of  science." 

"  Let  us  then  labour  together,"  said  the  President,  "  and 
steadily  endeavourto  gain  what  are,  perhaps,  the  noblest  objects 
of  ambition— conquests  in  the  field  of  natural  knowledge ;  acqoi- 
sitions  which  may  Be  useful  to  our  fellow  creatures.  Let  it  not 
be  said  that  at  a  period  when  our  empire  was  at  the  highest  pitch 
of  greatness,  the  sciences  began  to  decUne :  let  us  rather  hope 
that  posterity  will  find  in  our  records  proofe  that  we  were  not 
unworthy  of  the  times  in  which  we  lived." 

Jan.  18. — A  paper  of  Dr.  Davy's  was  read,  giving  an  account  ; 
of  his  inquiries  relative  to  the  urinary  oi^ans,  and  secretion  of 
two  species  of  rana  common  in  Ceylon :  from  which  it  appears, 
first,  that  the  bladder  of  the  bull  frog  and  brown  toad  (the  two 
species  in  question)  is  a  genuine  receptacle  of  urine,  which  it 
receives  from  the  cloaca,  in  which  tile  ureters  terminate  ;  and 
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Becondly,  that  their  urine  is  not  at  all  analogous  to  that  of  other 
tmimalE  of  the  order  amphibia,  bein^  very  dimte,  containing  urea 
and  certain  salts,  but  no  appreciable  quantity  of  lithic  acid. 
This  peculiarity  of  urine,  so  well  adapted  to  the  size  and  struc- 
ture of  the  bladder,  is  the  more  remarkable,  as  the  favourite  food 
of  these  anip^s  is  the  same  as  that  of  small  lizards,  whose 
urine  is  of  a  butyraceous  consistence,  and  nearly  pure  lithic 
acid.  Hence,  and  from  other  facts  mentioned  by  tiie  author,  he 
adduces  the  conclusion  that  the  nature  of  urine,  in  every  instance, 
depends  much  more  on  the  peculiar  action  and  structure  of  the 
secreting  oi^ans  than  on  peculiarities  of  diet,  or  of  the  circulat* 
ing  fluids. 

At  the  same  meeting,  a  paper,  by  Capt.  Kater,  was  read, 
entitled  "  An  Account  of  the  Comparison  of  various  British 
Standards  of  Linear  Measure." 

Jan.  26. — The  reading  of  the  Bakerian  lecture,  by  Captain 
Eater,  on  tbe  form  and  the  kinds  of  steel  most  proper  to  be  em- 
ployed in  making  ma^etic  needles,  was  commenced. 

At  the  same  meetmg  was  read,  "  An  Account  of  a  Micro- 
meter made  of  Rock  Crystal,"  by  G.  Doilond,  FRS. 

The  improvement  consists  in  making  a  sphere  of  rook  crystal, 
and  applying  it  in  the  place  of  the  usual  eye  glass  of  a  telescope, 
and  from  its  natural  double  refracting  property  rendering  it  use- 
fiil  as  a  micrometer. 

Jan.  5. — A  paper  on  the  Geology  of  tlie  North-eastern  Border 
ofBengal.byH.T.  Colebrooke,  Esq.  VPGS.&c.  was  read. 

The  Brahmoputra  river,  which  unites  its  stream  with  the  Ganges 
atashort  distance  from  their  common  junction  with  the  sea,  after 
a  long  course  in  the  Himalaya,  passes  through  the  mountains  of 
Aslam,  and  issues  into  the  plain  at  the  north-east  corner  of  Ben- 
gal. At  that  position  is  a  hi!l  at  Jogigopha,  which  is  connected 
with  the  Rhotan  mountains,  aflfi  whicn  consists  chiefly  of  a  large 
hemispherical  mass  of  gneiss  having  strata,  or  rather  masses,  of 
granite  on  the  north-eastern  and  western  sides. 

On  the  opposite  or  southern  bank  of  the  river  is  the  bill  of 
Pagnalath,  which  also  appears  to  be  composed  of  gneiss,  the 
masses  running  from  N.E.  to  S.W,  at  an  angle  of  45  . 

At  Givalpara,  a  few  miles  to  tbe  east  of  Paglanath,  granite  is 
found. 

The  same  rocks  occur  again  at  Dhabui,  a  low  hill,  partly 
covered  with  alluvial  soil,  near  the  confluence  of  the  Gadadhar. 
Blocks  of  primitive  greenstone  are  also  met  with  here  in  various 
t«rta  of  the  bank  of  the  river.  At  the  confluence  of  the  Kelanke 
river,  which  issues  from  the  Garo  hills,  a  little  lower  down  is  a 
precipitous  bank,  exhibiting  graphic  granite,  and  gneiss. 

In  the  bed  of  tbe  river,  blocks  of  compact  felspar,  primitive 
greenstone,  and  quartz,  united  with  felspar  and  hornblende,  are 
found, 
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On  ihe  left  buik  of  the  Brahnoputra  and  the  Caribari  hiHa, 
or  cliffs,  which,  for  a  considerable  extent,  consist  generatly  of  slate- 
clay,  horizontally  disposed,  with  a  Btratum  of  yellow  (or  'more 
properly  green)  sand  lying  above  it,  indurated  at  the  bottom  ia 
^ome  places,  and  accompanied  witJL  ferruginous  concretions. 
In  many  places,  a  stratum  of  clay  is  found  resting  on  the  green. 
sand;  and  over  it,  the  bank  is  composed  of  white  or  red  sand. 
mixed  with  gravel. 

In  different  parts  of  the  cliff,  coarse-grained  sandstone,  clay 
ironstone  concretions,  nodules  of  state  clay  and  fossil  wood  hawe 
been  found.  In  a  bed  of  organic  remains,  situated  under  a  ^tnall 
hill  on  the  cliff,  about  seven  feet  below  the  level  of  the  highest 
Hood  of  the  river,  and  150  feet  above  the  level  of  the  sea,  with 
Ifiyers  of  clay  above  and  beneath,  and  resting  upon  alternate 
strata  of  sand  and  clay,  a  variety  of  fossils  have  been  found, 
resembling  in  characters  those  which  have  been  discovered  in 
similar  strata  in  the  London  and  Paris  basins. 

On  the  banJcs  of  the  Festa  where  it  issues  from  the  Rhotan 
mountains  to  descend  into  North  Bengal,  the  rocka  are  found  to 
consist  principally  of  SMidstone,  containing  much  mica.  Ferru- 
ginous sandstone  was  found  in  one  place,  and  wood  coal  in 
another,  where  the  sandstone  compnses  large  pebbles.  The 
banks  of  the  Snbeck,  another  river  which  descends  from  th» 
Rhotan  mountains,  present  similar  strata. 


Article  XVI. 


I.  Cri/stallizaiion  of  Red  Oxide  of  Copper  by  Heal. 

Mr,  Chenevix,  in  his  analy^a  of  the  arseniate  of  copper  and  of  iron 
(Phil.  Trans.  1801),  has  remarked,  that  by  exposing  oxide,  hydrate,  or 
carbonate  of  copper,  without  addition,  to  a  violent  heat,  in  an  open 
crucible,  he  frequently  obtained  the  red  oxide  of  copper,  presenting 
all  ihe  properties  of  this  species  of  ore.  On  one  occaEion,  he  sayB^ 
that  the  well -experienced  eye  of  the  Count  de  Bournon  recognized  a. 
lump  of  it  to  be  a  mass  of  semi-fused  artlRcial  red  copper  ore. 
■  Some  lime  since  I  exposed  a  quantity  of  protoxide  of  copper  to 
heat  and  air  in  an  iron  vessel  with  the  intention  of  converting  't  into 
peroxide ;  I  accidentally  observed  that  the  characters  of  tlie  red  oxide 
of  copper  were  even  more  distinctly  marked  than  they  appear  to  have 
been  in  the  mass  obtained  by  Mr.  Chenevix. 

The  bottom  of  the  moss  is  in  the  form  of  that  of  the  vessel  in  which 
the  copper  was  burned — a  portion  ofa  sphwe. 

Ti._  .    of  layers  of  pure  copper,  and  of  the  red  oxide^ 
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alternating,  bu^  not  with  apparent  regularity.  The  pure  coyper  and 
red  oxide  are  sometimes  interraixed  in  the  ^ame  layer. 

The  red  oxide  is  distinctly,  though  minutely,  crystallized  in  the  fi>rm 
of  the  primary  octohedrou,  and  of  the  cabe,  and  in  intermediate 
varieties. 

.  The  pure  copper  is  also  in  extremely  small  and  brilliant  crystals,  but 
so  minute  that  1  cannot  perceive  their  forms  by  the  help  even  of  the 
strongest  glass. 

The  greater  part  of  the  snrface  of  the  mass  is  tinged  of  a  greea 
C(^ur:  portions  of  it  are  vitreous  and  transparent.  The  green 
colour  is  found,  by  the  assistance  of  a  strong  glass,  to  be  awing  to  the, 
{M'tts^nce  of  fibrous  crystals  which  are  tran^ucent,  but  too  minute  foe. 
tjie  determination  of  their  form.  They  have  greatly  the  colour  and! 
appearance  of  the  phosphate  of  lead. — Ed. 

II.  Description  of  Two  New  Mineral  Substances,  found  by  Dr.  Mac-, 
cuiloch  in  Ram  and  Mull. 
"  The  last  mineral  substance,"  tays  Dr.  Macculloch,  "  which  rs^ 
miUQB  to  be  enumerated,  being  hidierto  undeecribed,  it  is  necesauy- 
to  enter  into  a  minuter  detail  respecting  it.  Many  years  have  passed: 
since  I  discovered  it  both  here  (Rum)  and  in  Fife ;  and  the  deseripUiHU 
has  been  hitherto  delayed  in  hopes  of  finding  larger  specimens,  better 
adapted  for  elucidating  its  history.  These  hopes  have  been  bithnto 
disappointed,  and  I  must  therefore  give  it,  however  imperfect ;  w. 
hopes  that  other  mineralogists  will  hereafter  supply  the  deQciencieSf. 
When  recendy  broken  it  is  of  a  green  colour;  varying  from  the  trans- 
parent yellow  green  of  the  finest  olivin  (or  chrysolite)  which  it  SDnae- 
times  resnnbles  so  as  to  be  un distinguishable,  to  the  dull  muddy  greea 
of  steatite,  to  which  in  this  case  it  bears  an  equal  resemblance.  In  a 
few  hours  alter  being  taken  from  its  repository,  or  exposed  to  the  airg 
it  turns  darker,  and  shortly  becomes  black ;  a  change  which  also  occurft 
within  the  rock  at  the  depth  of  an  inch  or  more  from  the  surface.  In. 
ifaia  case,  the  transparent  wiety  puts  on  the  external  aspect  with  the 
lustre  of  jet :  while  the  <^ake  one  preserves  its  dull  surface,  and  more 
nearly  resembles  black  chalk.  Notwithstanding  this  change,  the 
mineral  when  in  small  fragments  still  continues  to  transmit  light.  The 
fint  variety  remains  perfectly  translucent,  and  presents  in  some  spe- 
«imena  the  fine  brown  orange  of  cinnamon  stone,  m  others  a  rich  bottlA 
w  olive  green.  The  other  appears  also  of  an  olive  green,  but  it  is  net 
more  translucent  than  ope  of  the  same  thickness.  When  powdered^ 
the  one  is  of  a  snufiy  brown,  the  otlier  of  a  dirty  olive.  Thestructui^ 
of  the  first  variety  is  generally  conchoidal,  that  of  the  second  ia  com- 
monly intermediate  between  the  conchoidal  and  griHiular.  '  It  is  h> 
soft  as  to  be  scratched  by  a  quill,  and  is  brittle  ;  easily  breaking, into 
minute  irregular  fragments.  The  specific  gravity  is  2-020.  With 
respect  to  its  eh^iHcal  habits,  it  remains  unchanged  before  the  blow- 

n'pe  ;  neither  cracking  nor  sensibly  altering  its  colour  or  tranfluoencyi. 
is  ^parently  as  ce&iaotory  as  ^artz ;  a  remarkable  circuwstKM^ 
when  the  quantity  of  iron  in  it  is  considered.  It  isacted  on  by  raurjatici 
acid,  giving  indications  of  a  considerable  proportion  i^  iron,  with  A 
litlie  alumina ;  but  the  principal  conststuent  appears  to  be  silica.  There 
are  no  traces  of  lime  or  (^  maagancsa.    The  very  minute  ^wotity  1 
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possessed  for  examination,  prevents  any  more  accurate  detail  of  its 
composition. 

"  It  is  found  imbedded  in  the  amygdaloids  of  the  c)if&  of  Scuir  more-* 
the  base  being  either  a  basalt,  or  a  black  indurated  claystone.  The^ 
nodules  are  generally  round,  and  vary  from  the  size  of  a  radish  seecl 
to  that  of  a  pea  or  upwards.  Occasionally  they  are  oblong  and  com- 
pressed, and  sometimes  scale  off  in  con centiic  crusts.  In  a  few  in- 
stances they  are  hollow  within,  the  interior  surface  having  a  blistered' 
aspect  J  or  else  the  cavity  of  the  amygdaloid  is  covered  with  the  sab- 
stance  in  a  form  resembling  that  of  an  exudation.  More  rarely  st3f- 
the  nodule  is  compounded,  containing  a  spherule  of  calcareous  spar 
widiio  an  investing  crust  of  the  mineral.  When  long  exposed  to  the 
air,  it  decomposes  in  the  form  of  a  rusty  powder,  which  is  thus  occa- 
sionally found  filling  those  cavities  that  are  visible  on  the  surface  of 
the  fragments  in  which  it  is  found.  The  variety  from  Fife  difiers  from 
that  of  Rum,  in  being  less  regular  in  form,  and  less  frequently  round, 
while  it  is  commonly  also  of  a  langcr  size.  From  the  most  characte- 
ristic qaaiity  of  this  mineral,  the  term  cblorophaeite  may  be  conve- 
niently  adopted  for  distinguishing  it."  Dr.  Macculloch  adds,  that  he 
has  since  seen  this  mineral  brought  from  Iceland  by  Major  FetersoR. 
(W«stem  Islands,  vol.  i.  p.  504.) 

"  fn  reviewing  some  of  the  amygdaloids  collected  in  Muli,  I  diEC»- 
vered  a  non-descript  substance  intermixed  with  some  prehnite,  but  tM>' 
small  in  quantity  for  examination.  Having  since  found  the  same  mi- 
neral in  greater  abundance  in  Glen  Farg,  I  shall  give  the  best  descrip- 
tion of  it  I  am  enabled  to  do  from  these  specimens,  as  I  cannot  now 
assign  the  exact  locality  of  the  former.  It  has  hitherto  escaped  the 
observation  of  mineralogists,  and  the  description,  however  imperfect, 
idll  therefore  be  of  use,  by  directing  their  attention  towards  it,  and 
thus  probably  ascertaining  its  existence  in  other  places.  Its  external 
characters  are  very  limited,  since  it  consists  of  a  loose  white  powder, 
somewhat  coarser  ihan  silica  as  it  itkobtalned  from  the  silicated  alka- 
,  Kea,  gritty  between  the  teeth,  but  not  so  hard  as  to  scratch  glass. 

"  It  does  not  effervesce  with  acids,  and  before  the  blow-pipe  it 
melts  immediately  into  a  transparent  colourless  bead,  with  apparently 
the  same  facility  as  glass.  It  is  certainly  at  least  more  fnsible  thm 
^hotite.  I  have  not  been  able,  from  its  condition,  to  determine  iw 
specific  gravity.  On  attempting  to  analyze  the  very  minute  quantity 
that  could  be  spared  for  that  purpose,  it  was  found  to  consist  princi- 
pally of  silica.  A  small  quantity  of  lime  was  taken  up  by  muriatic' 
acid,  but  its  fusibility  was  not  destroyed  by  that  treatment.  'When 
treated,  however,  in  a  similar  manner  by  sulphuric  acid,  the  fusibililj 
w^s  destroyed.  No  alkali  was  found  in  it,  nor  any  boracic  acid,  nor 
any  traces  of  metallic  matter.  It  is  not  easy  therefore  to  accoi^t  for 
its  great  fusibility,  unless  it  should  contain  the  new  alkali.  In  this 
Hncertain  state  must  its  chemical  composition  remain,  until  other  spe- 
^mens  are  procured  to  admit  of  a  repetition  of  these  experiments  oa 
«  more  extensive  scale.  It  is  found  filling  irregular  cavities  in  tfce 
Amygdaloid  of  the  valley  above-mentioned,  so  well  known  to  mineral- 
ogists ;  where  it  is  accompanied  by  analcimei  mesotype.  prehnite  and 
catcareous  spar.    There  is  no  appearance  of  decompoution  in  the 
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acGompBnyina  minerals,  and  I  may  add  tbat  the  specimens  in  quesdoa, 
w«e  brokeo  Irom  a  &esh  rock  in  which  they  were  deeply  imbedded. 
The  preceding  charaoter«i  seem  to  dietlnguisn  it  for  the  present  irom 
:  alt  the  mineral  aubstences  hitherto  deB<^bed ;  and  the  term  coahe- 
.  appears  well  ad^ted  for  itj  aa  being  expressive  of  its  most  conspicnons 
.  feature. 

"  On  this  substance  I  shall  only  remark  as  1  recently  did  on  treating 
,  of  Rum,  that  it  is  preferable  to  erect  a  species,  tbou^  it  should  after- 
-  irards  prove  a  variety  of  some  known  substance,  than  to  neglect  the 
I  obscure  characters  which  miuerals  often  present.  It-  is  to  greater 
.  accuracy  of  research  and  of  knowledge  that  we  are  indebted  to  the 
.  recent  rapid  augmentation  of  the  list  of  minerals."    (Vol.  i.  p.  578.) 

'  in.  Production  of  Artificial  Cold. 

When  on  Ben  More  in  Mull,  about  S097  feet  high,  Dr.  Macculloclt 
,  made  the  following  observation.—"  On  thiB  mountain  I  was  accidentr 
'  ally  led  to  observe  the  degree  of  cold  produced  by  the  mixture  of  ice 
and  alcohol.     A  storm  of  hail  had  fallen,  accompanied  by  a  tempera- 
.  tore  below  freezing.     Some  whiskey,  the  usual  appendage  of  a  High- 
land vieticum,  being  produced,  I  was  obliged  to  dilute  it  by  putting 
some  hail  into  the  cup.     In  an  instant  the  metal  was  covered  with  ice, 
and  frozen  to  the  glass :  on  trial,  the  quicksilver  in  the  thermometer 
sunk  into  the  bulb.     On  repeating  the  experiment  afterwards  with 
c.ommon  alcohol,  the  c(^d  was  found  to  amount  to  49°  or  50°.     It 
presents  a  convenient  method  of  obtaining  a  low  temperature,  when 
other  less  common  materials  are  not  at  hand."  (Western  Islands,  vol.  i. 
p.  534.) 

IV.  Mercurial  Atmosphere. 

It  has  been  long  admitted  that  in  the  upper  part  of  the  thermometer 

and  barometer  an  atmosphere  of  mercury  exists,  having  a  very  small 

'    degree  of  tension;    and  Mr.  Faraday  has  shown,  by  the  following 

simple  experiment,  that  a  mercurial  atmosphere  may  exist  without 

,    removing  the  air.     A  small  portion  of  mercury  was  put  through  a  fun- 

nd  into  a  clean  dry  bottle,  capable  of  holding  about  six  ounces,  and 

farmed  a  Btratum  at  the  bottom,  not  one-eighth  of  an  incli  in  thickness  ; 

particular  care  was  taken  tbat  none  of  the  mercury  should  adhere  to 

I     the  upper  part  of  the  inside  of  the  battle.     A  small  piece  of  leaf-gold 

,     was  then  attached  to  the  under  part  of  the  stopper  of  the  bottle ;  aa 

that  when  the  stopper  was  put  into  its  place,  the  leaf-gold  was  inclosed 

I     ui  the  bottle.     It  was  then  set  aside  in  a  safe  place,  which  happened  ta 

J)e  both  dark  and  cool,   and  left  for  between   six  weeks  and  two 

months.     At  the  end  of  that  time,  it  was  examined,  and  the  leaf-gold 

'    .  *ai  found  whitened  by  a  quantity  of  mercury,  through  every  part  of  the 

uottle,  and  mercury  remained  apparently  just  as  before. 

This  experiment  was  repeated  several  times,  showing  that  mercury  ia 
jlways  Hurrounded  by  an  atmosphereof  the  same  substance. — (Fara^y, 
Quarterly  Journal  of  Science,  No.  XX.  p.  355.) 
V.  Salpkuret  of  Chrome. 
U''  I.  L.  Lbssaigne  has  obtained  this  compound  by  the  following 
P"***8 :  Cbloride  of  chrome  was  prepared  by  boiling  chromic  acid  with 
**S*w  of  muriatic  and  evaporating  to  dryness.    It  was  then  mixed 
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wilbftra  timMito  weight  of  sdAbtf,  ondhefdedtswbttaBesiiaabeDt 
ghu  tube.  The  reamtiBg  sufphureC  of  chrome  «»  blackirii-gr^ 
OiixoT ;  it  u  unctuaiu  to  the  feel,  rery  light,  uid.  readily  failing  to 
powder;  when  rubhed  on  b.odiea,  it  leaves  marks  similar  to  th4Me  vf 
pfannbago.  Heated  in  a  platina  crucible,  it  bums  like  pjrophorouB, 
^ving  fumes  of  sulphurous  acid,  and  leaving  deep-green  coloured 
oxide  of  chrome,  it  is  not  readily  acted  upon  by  nitric  acid :  but 
wlien  thii  acid  is  mixed  with  muriatic,  it  is  easily  disEolved.  It  ii 
eompoaed  of  chrome,  100;  and  sulphur,  10'54.  By  mixing  equal 
parts  of  chromate  of  potash  and  sulphur,  and  heating  the  mixture  in 
dose  vessels,  green  oxide  of  chrome  was  economicaUy  obtained  by 
M.  Lassaigne.  It  is  to  be  washed  with  water  to  dissolve  the  sulphate 
and  sulphuret  of  potash,  which  leaves  the  oxide  of  chrome  pure. 
Equally  fine  oxide  of  chrome  was  obtained  by  heating  sulphur  witb 
the  produce  of  the  evaporation  of  the  solution  of  chromate  of  iron, 
treated  by  nitre,  to  which  a  little  sulphuric  acid  had  been  previourij' 
added  to  precipitate  the  earthy  matters  which  had  been  dissolved. 

Oviing  to  a  mistake  of  the  engraver,  it  has  hem  found  requisite  to  gioe 
a  ttevi  Plate  of  Mr.  Pratt's  Citnometer,  vihick  the  reader  is  requested  to 
tuitHiuteJbr  that  in  the  last  number  of  the  Annals, 


Article  XVII. 
NEW  SCIENTIFIC  BOOKS 


Dr.  Good  is  preparing  for  publication.  The  Study  of  Mediciae^ 
comprising  tts  Physiology,  Pathology,  and  Practice,  These  volonoeB, 
in  addition  to  that  lately  pubhshea  on  Nosology,  and  dedicated,  by 

Sermission,  to  the  College  of  Physicians,  will  complete  the  AntlKH^B 
esign ;  and  constitute  an  entire  body  of  Medical  Science,  equaBy 
adapted  to  the  use  of  Lecturers,  Practitioners,  and  Students. 

Travels  in  Syria  and  Mount  Sinai,  by  the  late  J.  L.  Burckliard,  are 
in  the  press. 

A  work,  entitled  "  Practical  Ecooomy,  or  Hints  for  the  Appltd^ 
tion  of  Modem  Drscoveries  to  the  Purposes  of  Domestic  Life,  is  pre- 
paring for  publication, 

Mr.  Haden,  of  Sloane-street,  is  about  to  publish  a  Monthly  Joumd 
of  Medicme,  addressed  principally  to  unprofessional  persons.  The 
work  will  teach  the  prevention  rather  than  the  cure  of  disorders ;  at 
the  same  time  that  it  will  point  out  how  the  friends  of  the  sick  may,  in 
the  best  way,  assist  their  medical  men  in  his  treatment,  and  otherwise 
show  how  healtl)  may  be  preserved,  and  disease  warded  off. 


An  Inquiry  into  the  Nature  and  Treatment  of  Gra*el,  Ctdculu^  aod 
other  Diseaeea  connected  with  a  deranged  Opemtton  of  the  Urinary 
Orgwie.    By  William  Prout,  MD.  FR8.    8w.    7*.  b««fdfc 
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An  Essay  on  Sea  Bathing,  in  preaerving  Health,  and  as  a  Remedy 
in  Disease,  especially  Nervoug,  Scrophulous,  &c.  By  J.  W.  WUlianw, 
Member  of  the  College  of  Surgeons,  London.     12mo.     5s.  6d. 

Cases  illustrating  the  improved  Treatment  of  Stricture  \a  the  Ure- 
thraand  Rectum.     By  James  Arnott.    8vo.     is.  6d. 

A  Dictiooary  of  Chemistry,  on  the  Bans  of  Mr.  NicboluMi'a ;  in 
which  the  Principles  of  the  Science  are  .investi^pted  anew.  By  An- 
drew Ure,  MD.  8vo.    1/.  U.  boards. 

Practical  Observations  in  Midwifery ;  with  a  Selection  of  Cases.  By 
John  Ramsbotham,  MD.     8vo.     Part  I.     10s.  6d, 

Practical  Observations  on  Chronic  Auctions  of  ttte  Digestive  Or- 
gans, and  on  Bilious  and  Nervous  Disorders.  By  John  Thomas,  MD. 
8»o.    6s. 

Illustrations  of  the  great  Operations  of  Surgery.  By  Charles  Bell, 
Parti.     Plates  coloured.     II.  Is. 

Universal  Science  ;  or  the  Cabinet  of  Nature  tod  Art ;  compriung 
various  Selections  from  useful  Discoveries  in  the  Arts  and  Sciences. 
By  Alex.  JamieMia.     2  vols.  I2m9.     ISt. 


Article  XVIII. 

NEW  PATENTS. 

James  Ransome,  of  Ipswich,  iron-founder,  and  Robert  Ransome,  of 
'  Colchester,  iron-founder,  for  an  improvement  upon  an  invention  by 
James  Ransome,  for  which  ha  now  hath  a  patent,  June  1,  1816,  for 
certain  improvements  on  ploughs.     Nov.  28, 1820. 

William  Kendrick,  of  Birmmgham,  chemist,  for  a  combination  of 
apparatus  for  extracting  a  tanning  matter  from  bark  and  other  sub- 
stuices  containing  such  tanning  matter.     Dec.  5. 

Thomas  Dolibs,  of  Small  brook-street,  for  a  mode  <^  uniting  toge- 
ther, or  plating,  tin  upon  lead.     Dec.  9. 

John  Moore,  Jun.  of  Castle-street,  Bristol,  for  a  certdn  machine  or 
machinery,  which  may  be  worked  by  steam,  by  water,  or  by  gas,  as  a 
inovlDg  power.     Dec,  9. 

George  Vaughan,  of  Sheffield,  for  a  blowing  machine,  on  a  new 
construction,  for  the  fusing  and  heating  of  metals,  smelting  of  ores, 
and  supplying  blast  for  various  other  purposes.     Dec.  14. 

William  Mallet,  of  Marlborough-street,  Dublin,  for  improvements 
on  locks,  applic^le  to  doors,  and  to  other  purposes.     Dec.  1*. 

Andrew  Timbrell,  of  the  Old  South  Sea  House,  London,  for  an 
improvement  of  the  rudder  and  steerage  of  a  ship  or  vessel.     Dec.  22. 

Sic  William  Congreve,  Bart,  of  Cecil-street,  Strand,  for  improve- 
ments in  printing  in  one,  two,  or  more  colours.     Dec.  22. 

William  Prit(£ard,  of  Leeds,  for  improvements  in  an  apparatus  to 
save  fuel,  and  for  the  more  economical  consumption  of  smoke  in  shut- 
ting fire-doors  and  air-flues  in  steam-engine  boilers,  drying-pans,  and 
brewing-pans,  other  fire-doors  and  air-flues.     Dec.  22, 

Marc  laambard  Brunei,  of  Chelsea,  for  a  pocket  copying-press,  and 
also  improvements  on  copying-praeees.     Dec  S2. 
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Article  XIX. 

Agronomical,  Magnetieal,  and  Meteorolo^cal  ObservalionSi 
By  Col.  Beaiifoy,  F.K.S. 

Bushey  Heath,  near  Stanmore. 
latitude  51"  37'  M-3"  North.     Lot^tade  WeM  in  time  1'  SO-eS". 

Astronomical  Observations. 
Dec.  8.    Emeraioa  of   Jupiter's    second  J  T"   36'   02"  Mewi  Time  »t  Busbef . 

Midlitc l^     3S    83    Mean  Time  at  Gteenwi*. 

Magnetieal  Observations,  1820.  —  Variation  West. 
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89-440 

49 

Tl 

w 

Ooody 

i  49 

5J 

Noon. . . . 
Even... 
Alom... 

29-ssa 

50 

TO 

w 

lUin' 

51 

J 

S9"^l 

45 

84 

E 

R2i,fi.g 

t45 

Noon.... 

89-5T4 

46 

79 

8£ 

W 

Even.... 

I  43 

Uom. . . . 

29-563 

49 

79 

W 

Fine 

'l 

Noon.... 

89-599 

58 

79 

WbyS 

Cloudy 

49 

Even.... 

iu 

Mam.... 

29-688 

T4 

WbyS 

Cliwdy 

B 

Noon.... 

— 

50 

Even.... 

J«i 

Mom  ... 

29-703 

47 

69 

WbyS 

Cloirfy 

B 

Noon.... 

S9-660 

48 

68 

WbyS 

Cloudy 

,*H 

Even .... 

45 

.    f 

Mora.... 

29-M3 

48 

14 

SWbyW 

Cloudy 

10 

Noon.... 

29-515 

■la 

78 

SWhyW 

lUin       ' 

«* 

Even..., 

Mora.... 

B9-ST6 

49 

as 

W8W 

R^ 

11 

Nocm.... 

29-418 

51 

18 

w 

Hii^ 

51* 

Even.... 

[47 

Mom.... 

89-131 

87 

SSW 

Fog,  nin 

12J 

Now..... 

29'100 

50 

16 

W8W 

doudy 

514 

Even.... 

) 

Mom.... 

28-93S 

46 

82 

NNE 

a- 

13  J 

No<m.... 

88-990 

36 

88 

NB 

,"t 

Even.... 

'so 

Mom.... 

29-396 

31 

70 

NbyE 

deu 

14 

Noon. . . . 

89-429 

36 

67 

NNE 

Cletr 

*H 

£ven..,. 

;»i 

Horn.... 

29-464 

38 

65 

ESE 

Cloudy 

16, 

Noco.... 

3H 

Even.... 

Iss 

Mom.... 

89-1 9S 

88 

74 

ESE 

Cloudy 

IS. 

ttooa.... 

S9093 

31 

71 

ESE 

CloadJ 

'S4 

Even   ... 

Iso 

torn.... 

29-181 

34 

83 

Cdm 

Fog 

Noon.,.. 

89-194 

38 

78 

NbyW 

F0B_ 

40 

Even.... 

-36 

Hon.... 

89400 

87 

SB^B 

Fog 

18. 

Noon.... 

89-684 

83 

Fog_ 

4S 

Even.... 

— 

— 

— 
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Col.  Sea^hy'v  SSettorological  Olfunatio 


Month. 

Time. 

BMm. 

IW. 

Hr. 

Wind. 

Velodtr. 

Wemthet 

Sii'i. 

Dec 

Inehc 

FeM. 

Mom.... 

»-151 

Bflo 

6 

roe,  ™iti 

« 

19 

Noon.... 

S9^eB 

86 

SW 

f^,   rain 

«i 

Et«.... 

!- 

Mom.... 

S9-900 

M 

fiSE 

W^ftg 

99- 

Noon.... 

25-855 

43 

88 

S 

Fog,  rain 

"5 

Even.... 

i« 

Mora.... 

S9-S18 

41 

18 

w 

aaadj 

i 

SV 

Noon,... 

89-S38 

46 

m 

w 

cao«d^ 

48 

Even.... 

l"i 

Mnn.... 

89-868 

ST 

18 

W^N 

Very  fine 

ss 

Noon.... 

89-648 

42 

T8 

JUi^ 

"i 

Even.... 

\m 

Mora.... 

29-510 

39 

75 

SB 

C3MidT 

S3' 

«9-4a8 

4) 

OS 

HE 

CkHidy 

'41 

Even"!! 

|s.i 

Mom.... 

29-400 

82 

18 

EbyN 

Oaadf 

«*■ 

Noon.... 

29-390 

88 

10 

ENE 

Cto«dJ 

'38 

Even.... 

ia 

Mora.... 

!9-34» 

29 

70 

ENE 

Dlaudj 

i 

25. 

Noon.... 

29-885 

29 

Tt 

BNE 

Dloady 

>«9i 

Even.... 

(26 

Mora.... 

29'S63 

88 

78 

E 

Rata 

!5' 

Noon.... 

S5-26S 

2» 

10 

E 

doody 

'so 

Mont.... 

29-394 

88 

8S 

B^N 

Caoudy 

"l 

«■ 

Noon.... 

89-402 

89 

69 

i^J 

'so 

Even.... 

81 

Mora.... 

89-404 

2T 

•• 

NKb^E 

Ckw- 

SB' 

Noon.... 

89-434 

2ft 

■8 

NEbfE 

0)»d7 

m 

Bva.... 

(^ 

Mom.... 

S9'4T9 

84 

M 

NSbj 

OlDUily 

8B 

Noon.... 

29-481 

24 

«6 

Nlbj 

DJ«dy 

'2S 

Even... 

J«i 

Mora... 

89-410 

24 

88 

NE 

CaoHdy 

30. 

Noon... 

89-489 

85 

05 

NE 

Eta 

'86 

(* 

29-432 

n 

le 

NB 

Oi^jr 

81- 

89-391 

« 

ss 

NE 

VeiT  &K 

'"} 

I 

^en..„ 

~ 

— 

"" 

— 

_^ 

Bain^  by  the  plliviameter,  between  noon  die  iBt  of  Dec. 
amd  nooa  >the  1st  of  Jftn.  1'468  inch.  BTaporatioo,  dunng 
title  itante  period,  1-133  4h. 
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Article  XX. 
METEOROLOGICAL    TABLE. 


B*>l»Rt«. 

TautMoiicrat. 

Hyp.    It 

law. 

WiBi. 

Un. 

Uin. 

Hu. 

Mia. 

Enp. 

SliA. 

HtbMon. 

Dec    1 

N     W 

30-17 

29-99 

42 

37 

_ 

_ 

90 

9 

N     W 

90-10 

29-95 

42 

31 

— 

08 

a4 

3 

S     W 

30-10 

29-97 

50 

38 

^ 

90 

4 

W 

29-97 

29-93 

53 

37 

^ 

77 

: 

5 

w 

30-03 

29-87 

51 

45 

06 

G9 

6 

E 

3003 

30-02 

51 

44 

— 

04 

94 

7 

N     W 

30-12 

30-02 

55 

49 



82 

S 

S      W 

30' 1  a 

30-13 

50 

45 

76 

9 

W 

30-15 

3003 

50 

47 

_ 

_ 

64 

10 

S      W 

30'05 

29-90 

52 

50 





86 

11 

W 

29-90 

29  65 

53 

48 



25 

74 

( 

IS 

S      W 

39-65 

29-49 

54 

47 



_ 

90 

IS 

M    W 

99-90 

S947 

46 

29 

— 

78 

9* 

14 

N      E 

29-98 

29-90 

39 

30 

84 

15 

S        E 

29-90 

29-79 

34 

26 

__ 

62 

l6 

S        E 

2979 

29-73 

35 

30 

— 

_ 

78 

17 

E 

30-10 

29-73 

41 

34 

— 

40 

91 

!« 

E 

S0'2S 

SO'IO 

57 

41 

56 

08 

9* 

0 

IS 

S 

30-35 

30-23 

50 

S6 

— 

_ 

100 

20 

S 

30-35 

30-11 

50 

40 

05 

100 

SI 

W 

30'15 

30-09 

50 

33 

— 

71 

33 

s    w 

30-09 

3001 

43 

34 

— 

04 

88 

23 

N 

30-01 

29-95 

42 

33 

— , 

— 

90 

34 

N      E 

2995 

39  93 

35 

30 

— 

64 

35 

N      E 

39-93 

29-88 

32 

27 

— 

67   • 

26 

E 

29'96 

29-88 

32 

29 

— 

70 

> 

«7 

K 

29-99 

29-96 

SS 

28 

— - 

65 

28 

E 

30-04 

29-99 

33 

25 

_- 

61 

SS 

E 

30-04 

30-03 

39 

24 

— 

l^ 

SO      £ 

3003 

30-02 

39 

22 

60 

31 N      E 

30*02 

29-97 

30 

31 

45 

58 

1 

30-35 

29-47 

57 

21 

101 

T67 

100—58 
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Mr.  Howards  Meteorological  Journal.    [Feb.  1821. 


BEMARES. 


7W{^  AfontA.— 1,  9.  Cloudjr.  S.  Cloudy:  windy  ni^  4.  Kne.  5.  Oaody. 
6—9.  Cloudy.  10;  Overcut:  wmt  tain.  II.  OtcicmC  13.  Qoudyi  nmy 
Id^t.  IS.  8hoir|i;  iatlrg«t|'D^Wted^:^o^V  thtJ-dOTi  «if  «^  at  one,  p.m.: 
about  lulf-pHt  eiglit,  p.;n.  a  lunar  cMiAa  BiunfcftAerbf  ^^ouE&.epIoimd  hilo. 
14.  Fine.  19.  Windy :' Ueak.  IS.  Rain:  bIbci  :  mow:  boutennu.  IT.  (Hoomj  : 
gioand  cOTcrad  with  mow  in  tbe  maming...  IS..  Gloomy  :  the  mow  nearly  all  gnu. 
19.  Foggy  nigbt:  a  &uit  lunar  luUo,  of  the  latest  diameter,  about  eight,  p.Di. 
90.  Gloomy.  81.  Glooaiy:  f)^  ;  9>' F>jgr,  ^^IK^Ping :  cloudy.  83.  Orcnul: 
dnzzling.  94.  Bleak.  85.  Cloudy  i  bleak.  96,  ST.  ^Bleak  and  cloudy.  S8.  EIde 
dim  moming:  Tery  cold  wind.  -~49,-30i-Oondy :  reiy  oM  ood  boiateniua  wind. 
Jl.  OveiCMt:  cold  wind. 

\  :■- 


nvUt:  W,  li  NE,4i  E,:8j6B,  »t  «,  9(  SW/S;  W,*- MW,  4.'  \ 

■:■.  .  -  .     r   :/• 
BttmotUPt:  Heanhci^  .  .  .       i    - 

.     Fm  thenunuh..... ;;g.B8Si44« 

BaitheluBiBpiBiiDd,eD^iigtliB97tk J..........  SO-QDE  , 

Pot  13  daya,  ending  the  ISth  (moon  wxilh)  .i...,..'.,  e9-M0 

:     For  14^ys,endingtheSeth(nuNNinoith)..... 29^1; 

Thennometcr: 'Mcanbdgbt 

For  the  month,, .....,...■ S9-241* 


FotSOd^i,  the  «nn  in  C^iioonma 4S*«82 

-. •• '. 1-01  fa. 


JUtenrtMy,  atfw^JM,  FkH  JTofriA,  16,  IStt. 
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ANNALS 


PHILOSOPHY. 


MARCH,  1821. 


Article  I. 


On  the  Action  of  Crvttallixed  Bodies  on  Homogeneous  Light,  an^ 
<w  tbx  Causes  o^  the  Deviation  from  Newton's  Scale  in  tht 
Tinti.which  many  of  them,  develops  on  Exposure  to  a  polarised 
Ra^f.  By  J.  F.  W.  Herechet,  Esq.  FKS.  Load,  and  Edio. 
{Witii  a  Plate.)       ' 

{iCoaebtdei  front  p.  13S.) 

OuB  equation  (£)  gives  room  for  a  remark  o(  gome  conse- 
quence, as  it  affords  a  striking  verification  of  the  theoiy  here 
oelivered.  It  will  be  observed  that  this  equation  does  not 
involve  t,  and  in  consequence,  the  angle  i  determined  from  it,  at 
which  the  coincidence  takes  place,  is  Uie  same  for  all  values  of 
t)  or  for  all  thickneases  of  the  plate.  The  observationB  of  the 
tints  in  the  tables  given  above  afibrd  us  ample  means  of  putting 
this  remarkable  consequence  to  the  test  of  experime'nt.  In  fact, 
in  the  three  series  of  tints '  observed  in  sulphate  of  baryta,  the 
apparent  angles  between  the  axes  for  the  mean  red  n^s  are 
respectively  62°  (K,  62°  2',  and  61°  63',  the  mean  of  which  is 
61°  58',  while  the  apparent  angles  between  the  virtnal  poles  in 
the  same  series,  are  72°  4^,  72'  36',  and  72**  47'.  The  semi- 
excesses  of  the  latter  angles  over  the  mean  value  of  the  former 
afe  the  apparent  angular  distances  of  th£  virtual  poles  from  the 
"ies  of  mean  redraya,  and  are  re*pertively  5"  24',  6°  19',  5°  25', 
BeiUier  of  whidi  diners  more  than  4'  from  the  mean. 

To  ascertaiii  tiie  revalue  of  3,  we  have  only  to  compute  the 
Vgles  of  refractiotu  In,  the  specimen  employed,  I  found  1-6475 
fw  the  index  of  ordiaary  t^raotion,  and  'ike  amdMof  iacideQc« 

^ev  Seriet,  vol.  i.  i.  , .       -- — • 


102  Mr.  Hersckel  on  the  Aetioh  of         '  [Miscfi. 

(the  halves  of  the  above  angles)  leing  80*  6^,  aiid  3©»  33', 
86°  18',  S6°  24' ;  tiie  corresponding  angles  of  refraction  me 
18°  12'  30"  (=  a),  21**  6-  10",  21"  S'^'IO",  21»  8'  40" ;  and  Since 
»  =  p  -  a  in  this  caae^  we  find  fot  fh«  valiiea  of  fl,  2°  G3r  40*', 
2"  61'  10",  y  54'  10",  the  mean  of  which  gives  3*  53'  0"  ft>r 
tiie  real  angular  distance  of  the  virtual  ptde  ftom  the  lixis  erf' 
mean  red  rayi  in  sulphate  of  baryta. 

AgMn,  in  the  series  of  tints,  Tables  V,  VI,  VH,  for  Roche^ 
salt,  the  apparent  angular  distances  of  the  mean  red  axis  from 
the  virtual  pole  we«  SSI"  8'  -  367°  06'  *=  1**  S»' ;  281*"  30* 
-  262*  0'  =»  19"  30',  and  282°  0*  -^  '266°  SS'  =  19°  3^',  of 
which  neither  differs  more  than  3'  from  the  mean  Ifl"  33'. 

Dr.  Brewster  (Phil.  Trans.  1814,  p.  216)  has  stated  the 
retractive  index  of  this  saltvt )  -64$^  but  this  is  certainly  a  little 
too  large.  In  four  experiments  made  at  distant  intervals  of 
time,  and  by  different  oiodeB  (tf^obflfenrtttton,  I  hare  feand 


1-49640 
1-49670 


1-60220 
1-49863 


for  the  index  for  the  mean  yellow-green  lays,  of  which  detemd- 
nationg  the  last  is  to  be  prfefst^d,  naving  been  made  with  great 
care.  _  The  same  expenment  gave  1-49293  for  the  index  for 
tteui'rail'raya.'  1118  opparMt  angalBr  dtttffnce'bf '^«'  d^B^ 
»M  nykftaia  tlte  perpondioutar  WHs  36°,  \(4>i(dl  teaves  3°  SIS' 
IbrlfK  tingakr'^iBtftnije  of  the  virtiod  pole  from  tfafe  pafpeftdi- 
aulan  i'hese  angles  Af  incidence  ootfesnond  to  the  re^teolive 
angles  of  refraction  10°  38'  20"  and  2"  ^  4(0",  of  •hfeh  «he 
sum  13°  I'  is  the  real  hngle'-bettvten  (h«  virtual  pole  and  mean 
red  ^sis  in  Rechelle  salt.  The  series  in  Table  I V.  gives  13°  2^ 
^5"  for  the  value  of  S,  which  agrees  completely  With  the  fore- 
going Beterminaliori. 

1  toot  seven  jflates  of  nitre  of  various  thicknfesaesi  Slid  cut 
fro^  different  crystals,  and  by  ^  mode  of  observation  to  be 
(lescribed  hereafler,  found  a^  follows  ;  . 

■  T4>BtB  VUl. 


Klean  Atetance  Of  dnTutnal    '. 
pallet  hMk  difr  kxis-  et  niMti|al: 


A  Jittie  hejitoS  flie  dghlh  mm- 


iftiiiM^-Xlie  omistaTfcX  «f  the  posiUoij  of  ifae  «rirtu^p(^'i!tf 
Sf^reilt  fl»ol:i)es3es:  is,suI^tenU^  made' out  hete,  the  snKn 
^iierdnces  which  exist  are  certainly  not  aftribatable  to  errors  of 
irfjOTTVation,  which,  in  thp  method  I  emplojedi  are  usuaHy  con^ 
^d^wijChiti'  mai^h  niTtotrer  limits.  They  are  due  to  rainott^ 
ijr^lllarities  ia  the  crysti\le  Ihemselves,  consisting  probably  iti  a 
fetate  of  imperfect  equUibriam  of  the  molectilar  forces  of^gre- 
BKtio«,;to  TthichthisrsaUis  so 'wbject,  that  it  is  rather  rare  t* 
%Dd:i  tt>eciQiea  ,in  t^hich  the  nngs  beyond  bo^  poles  hav6 
W^odytfie  Baffle  breadth  tir  tints. 

JV;  Of  Ijiie  TiiU»  develop^  ^  Cwsish  »«>£  two  Axts  «it  of  flie 

printipat'Secti^- 
'■■  Ifweplacea  cryBtfiJlizedpltiteat  an  azimoA  zero  m  a  totmaa- 
litfe  ap^ralu^,  having  the  $.iies  of  the  toormalin^s  at  right 
sngle^  we  eiuM  observe,  if  its  thickness  be  at  all  considerable, 
that  the  two  oval  spots  on  either  side  tie  axis  of  eymraetry 
Twhich  ia  uOwperfectly'black)  instead  of  beUlg'exactly  regalarth 
Theh  figure,  as  in  PI.  W.  fig.  2,  and  tinged  with  colours  syaime- 
tricalty.  disposed  on  either  side  of  a  line  m  n  perpendicular  t6 
Ae  principal  sectioOj  are  invariably  coloured  at  one  extremity  r 
Vith'  ft  strong  ptiematic  red  hue,  and  drawn  out  at  the  other  V 
Ifl'to  more  or  less,  elongated  and  tapering  spectra  or  tails  of  Hue 
"tnd  violet  light.  The  extremities  r,  r  of  the  rings  too  have  a 
^fai^e.excesa  of  the  red  rays,  anil' the  opposite  v,  u 'of  the  violet 
njs.  Tn  crystals  of  the  first  class  above  described,  the  -fed 
eitttemity  is  turned  towards  the  other  pole,  while  in  those  of  tire 
.second  it  is  directed  frpm  it.  If  we  subject  a  plate  of  Rbtthellfc 
'Salt  to  this  examination,  the  ovals  a,  a,  are  drawn  out  to  a  sur- 
■prising  length,  and  the  whole  prismatic  spectrum  is  displayed  in 
"thetn  with  great  vividness  of  colour,  while  the  violet  portions  of 
The  rings  are  greatly  elongated  also,  and  appEat  to  run  into  one 
another.  If  the  plate  be  turned  round  in  azimuth,  the  phenomena 
Sjiuune  the  most  singular  appearances  of  distortion  ^  and  as  the 
rotatioB  approaches  to  45°,  the  rings  in  the  vicinity  of  the  pole 
are  gradually  obliterated  by  their  mutual  overfapping,  which  is 
the^eater  the  thicker  the  plate,  ki  all  situations,  however,  the 
interposition  of  a  red  or  dark  green  glass  immediately  restores 
the  perfect  symmetry  and  regularity  ot  the  rings,  which  are  then 
seen  in  miich' greater  number,  and  completely  well  defined. 

AH  this  is  the  necessary  consequence  (if  the  want  of  coinci- 
.'d«K*ief  the. axes  ftw  d^erent  cohrurs.  The  iataral  spots,  for 
example,  are  formed  for  each  homogeneous  colour  with  perfect 
regularity  close -to  their  corresponding  pole,  a^d  regularly 
'  -'■^cr^uiagin'onfrsntberadtothB  vioJot.  Tbs(rarni[ng«nteDt 
*B1,  therefore;  be  it  represented  in  flg.  3,  R,  O,  Y,  Slc.  being 
*he  poUscorreKpohdingto  file  several  colours,  red,  orange,  !tc. 
K»  onlapoti  QoAipowd  of  red  reya  hetag  t^pceMttted  by  r,  r, 
those  of  the  other  coloocs  will  be  superimposed  on  ttt^im  int^r 
l2  ...         . 
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j>fder,  overlapping,  as  repwei^t^d^^iy.aip„^t^d.9Tal8pq,^jaf, 
'8tc.  bke  the  circular  coloured  images  of  the  sun  m  the  spectruia 
,to£an  drdiiiai'y  prisBi,  giving  rise  to  the  loitig  prismatic  Wis,  tAsiffe 
fiictcribeiL  Simitar  consiaeratiom  willBppt^  to  Ha  anomf^ofb 
^peatkocas^resehted'^  the  rfngt  of  all  the  otheAr:6rdets,'  ioA 

w >every: aittiaUoa,  -    '■■!'■•  '■■.■•■  '  ^    '~_;. 

•i  This  saggeats  «.  verj^  sim^euiil  pleading  experimeilt,  %iti(^ 
'«Hbids  an  ocular  tjemobstration  of  the  sd«q\iaoy!  oF  the  ^Xfdatut- 
tion  I  have  advanced.  Let  a  plat^  of  Rochelle  salt  be  pla^di^ 
■fe  toufmaline  apparatus  in  aiiy  aziniuth"(45°'i8  theiijioBt  cpnve- 
bient)  and  flmily  fixed  on  a  proper  stand  iti  a  dartt"  rooniV  ^  "the 
^BTebfOM  Joow  applied,  let  an  asfiJstuK:  IDumimrtetbe  emeHed 
0is»  or  Urn  c^fihort  focus*  wUi^  diRperee^'tbe-^igtil  pteVlOffl 
-to  its  hicidenoe  on  ^e  first  tourmaline,  with  the  setem  eoltiurs 
i>fth«  prisiUatric  apeotrum  in  succession,  beginaing  with' the  re^* 
'  The  rings  will  then  be  ae«n  formed  Successively  of  each  of  thk 
cffllonrs,  perfectly  regnlar  in  their  figure>  but  yontrttctiig  rapfffir 
in  dimenBioo  as  they  become  illuminated  with  t^e  tnor^  relraiW 
gttJe  r&ya.t  At  the  Game  time  the  pole  about  i^faich  t&ey  fbtA 
iffill  he  Been  to  move  regulaiiy  to^he  direction'  of  thie  atber  it^ 
4>£tbe  crvBtal,  and  if  we  pass  aiteraately  from  a  red  to  tt  Tiold 
^nminatMu,  will  shift  its  positiOB^ccordihgly,  backwards  ailA 
Alrwords,  through  a  very  considerable'  angle.  '  If  rays  bf  tw% 
eoloArs  be  thrown  at  oiA:e  on  ^e  ^apparatub,  their  two  correspond'- 
ibg  Bets  ef  ringid  will  be  seen  at  once,  crossing/but  not  ob^iterat^ 
ing  one  another,  and  the  distance  between'  their 'respe«ife 
centres  will  be  observed  to  iticrease.witli  t^«  difference  of  their 
colours. 

j'  By  tneafiiuiog  the  interval  occupied  by  Hie  projei^jtma  '^ 
iiie  centres^  of  ti^  last  visible  red  and  violet  itngs,  as  fitfM  ai 
Ihose  «f  ilhfl  intenoefjUate  colours,  ona  screeoM  a  known  dist^ 
ance  seen  with  the  other  tye,  I  fo«&d'.tlie£3llo^ing'valii9softb& 
apparent  and  real  separation  of  the  several  coloured  axes  : 

Between  '  ApptraatiatemL  KolinlaTd. 

■■  Red Wd'G«inge. ■;..■;  0*  37'' veryuncerl'aiH'.''';;'Cl'*'^  , 
-  yelldw.  V..; -1  50"  rather  unfeertain,-.,'!  '13  ''! 
"green-..  ■;■.'.  .■■3    43' 'ditto' ;'.-.;;;,.-..V2" '2^''' 

fi-  ■■-  blue.  ..;r;v'e"''B"':-..';;..".;".-.:',;::'4 '"■s"'"'"' 
■indigo::. ■.:^>«'  19"'V;' ■:'.;';i?;.:;',;.'5''  S3-'" 

Violet  V..^.:,  9    46.  Vj.  .».■■..,.,.,..  ;/6    31 

('"Asa  niodeof measurement  fbis ijinelbbd^ is  very  inaccurate, 

■  :,  ""  'H 
s',*.SM.«wid<i#ptM'rfM,vMntH«edrit!tiai;<tti'lij<AedT  ---  ^>-<[  :il'>i'^' 4-> 

nmoit  u  tueii.'-  "  inagnlque  voluoute  perfuiui,  M71  NeirtOD,  m>  tbs  'h'ffrrtn 
of  the  true  phOouphei  who  lone  the  Edd  he  Ifboon  in,  "  vidibui  eOt  UflttS^lS} 
(Ontnhece  k  gndetim  pro  eo  «c  adoi  limiiiu  imnai>buiu''*i'  '^t  ii  impoenlile  M  nit- 
*m  the  yaj  bcwuifiil  iAeiiaineiiim.^Mcribe4ktlic  Icu  witboot  muma  inta  duwM 
tain  of  feebig.  .  - 


■^(fiii^J^  ^pio^sj,^,.iSilf|..iadeeti  almOBt  entirely  abseiAied  lin 
^ir  jii^Wg«it^rg>v^^l  t^^o  {^es  of  M<itsalme:Of  aif^owjfi^ 
green  colour.  Md(^  more  exact  and  'unexcepfcioiiabls  inauitns 
icili  ^e  pi^fep%  giy.ep,but  thepe  are^  quite  sumoieDt  lo  eetiUjsh 
!^^.n^^y!3fr tSepHfeasmenpo  (ksbnbad.  i 

V.  Offl  a^onSary  X^ause  of  the  peviqtioa  of,TifUs,mfmsiinB  ip 
~~C<^ain  CrVHals^  and  (f/the  ano^lqus  Tints  (^'lheApQphyUii4. 
;  ,  To. 4^^spiiae (h^  diapersivepowei  of.any  fnedtuHt,  ^d  6bt&ia 
i^BS  roi^.kiiowjledge.of  it»  l&w,'we  boAb  i-nnsBiilFiit  set'm 
;(|pp(ni.tV)9  to  ooe  of  a  ptandvd  HubatftB<A.  Toi  adcertain  tltt 
total,  dispereioa  of  ^0  axes  of  accystal,  or  the  an|^l>^  wbidk 
the  <exl^Blpe  red:and  violet  axes  difier,  we  may' mcdte:  it  d'<tl 
eainst  itself.  :.Siin:«,;the  viol«t  rings  are  more  elevated 'by 
te&actioa  than;  the  m^,  from  .the  aituatkm  in  wbicb  tke^  woidd 
agpev  t9  aa.eye.iojtDeT^,!!!  the  roediwa,  a  plate  mayibe  oopf 
(^TM  o^t  in  Kuch  a  4ireotion  aa  to  make  tbeii-.apparestoeotreB 
|!0)DC>de,  ^  which  ca$e  the  tints  imaiediatd^  about  the  polteft 
^U  coincide  ffith  Nekton 'e  s«ale,  apd  the  exttaerdiotiy  ima^e 
;iti]i  totally,  di^tippear  ia  the  fM  at  an  ftumuth  45i?.  '<  Thife  com&- 
tiou^veB  i  »;.0,  B>~£ia  +  £4)=°  0,  -it^ace  (supjlosiiig  R,  Itf 
the  indices  c^  refractioQ  for  exUem^  r^  and  violetn^s,  ood  3  R 
sJR'pRjTPeand,  .     . 

■-"■'■■      ■■'■'■■■■   -  J'i  =:8'^  =  - g.tan.'^"  "     ,''     ;.^ 

^eLajlgle^ihowever  becomes  imaginaiy,  and  this  method,  in 
(oqeequeoce,  >  inapplicable  when  th6  eeparation  df  the  extreme 
l«(8  (^a>ijt  greater  than  the  moximDiu  dispersion  of  the  cok>iin 
^m.  inUomittfid  white  cay,  that  is,  when 


8  fl  >  - 


B,  ■/&*  -r-X 

:  equation  <&),.nDd  supposing  the  fona  of 
the  fuQCtioii'i)-,  and  the  constants  a,  k,W,  R  and  SRascertained, 
let  the  angle  6,  at  which  the  coincidence  takes  place  be  observed, 
aodthe  value  of  £  a  will  tiien  become,  known.  If  we  suppose  it 
undl,  which  it  is  in  the  generality  of  crystals,  we  g«t 

»° : .i*_kj. ■•  « 

iV       dt 
(i  being  pot  for  <!'  (0,  V)  for  the  sake  of  brevity).    At  incidence* 
neariy  peqwndicular,  S  f  may  be  neglected,  and  the  expression 
teducea  itself  to 

'■  The  companson  of  tiliese  fonrahe  with  ol»ervfttioD,  wbt<^ 


'^  -     ''  m^SersdttlmthtJKiimvf        -     [NA|t^, 

^)Q  lend  tOiSome  very  iiema^^ble  consequences^  neqiiftn  wi6> 
Jtnyw  the  form  of  the  funcuon.  Ji  and  the  values  of  ft,  Jfi,  T^ 
wiU  .b^ip. with,  the  formeiv  a^d  ia  this  jnveatiK^tioD  the  fin(t 
^p  ta  to  .^^l^QUpe  the  general  equatioQ  of  the  isochrtjtnatip 
iioefi.  In  oraer  to  this,  we  must  separate  in  all  casee  the  Ivn ^ 
the  tint  from  that  of  ita  inteneibr.  The  latter  depends  entJiev 
on  the  greater  or  leas  facihty  which  the  amergent  ray  finds  ul 
^uteUatuig  the  pri^iQ'  of  Ic^tad  spar  emplo;^  for  its  via>y«i(, 
.aad  w^I  not  enter  itAo  the  present  ia^wj^^ttoq.  when  #e 
ijtjxamjoe  a  ciystaJlized  nlate  in  a  convenient  gradijftted  appran^ 
.  bet^veen  tounoaluie  plates  cro&ied  at  right  ande^  tumiAg'U 
^ewly  round  between  tbem  in  it«  own  plane,  flie  form  of  t^ 
;eoloured  bands,  if  illuminated  with  homogeneous  light,  *^ 
Z£jnmn  perfectly  uochiinged  during  the  rotation,  but  tbe  twp 
.Blaok  hyperbolic  branches  ^lassine  thcoogh  the  poles  will  oblhe- 
irate  in  Bucpessioa  every  part  of  weir  periphery ;  and  the  spAtv 
over  which  the  darkness  extends,  as.  well  as  the  degree  of  ijlib- 
^ninatiou  of  what  remains  visible,  varying  at  every  ibaGaiU^ 
^ve  rise  to  so  grcat.a  variety  of  appearances,,  that  some  htde 
aiteotion  ia  leqM'retl  to  recogoiie  this  perfect  identity  of  figfne. 
When  the  tourmaline  next  the  ey?  is  made  to  revolve,  the  dtirar 
^allited  plate  remaininx  fixed,  thfi  complicated  changes  which 
teke  place,  are  perfccilv  recgncllable  with  the  superpoattioQ  «if 
tbe  prim'aiy  on  its  conipfementary  set  of  rings,  the  relative  iotea. 
sities  of  the  two  sets  at  any  point  being  regulated  by  )aw6^  we 
have  no  occasion  to  cobsider  at  presflnty  but  the  Xgure  of  ilie 
isochi'umatic  lines,  where  visible,  remaiils  absolutely  uach^Betd 
Jijany  rotation  in  this  part  of  the  apparatus.'  '  " 

To  fo'rm  a  first  hypothesis  on  the  nature  of  the  ftnctibn  wEti& 
determines  the  equation  of  any  one  of  these  curves,  we  tiii^ 
select  a  crystal,  where  the  proximity  of  the  axps  and  inteirsitj  VJ 
the  polarising  forces  aYe  such  as  to  bring  the  whole  systetn  of 
rings  within  a  very  sm^l  angular  compass;  as  by  this  meane  we 
'a^oid  almost  entirely  the  disturbing  e^ct  »f  likf  ^uaiafioii  in 
;&i(duies«,  arisii^  ffom  obliquity  of  incidonoe.  '  Ddi  np(Mrat^r/«B 
^S'paper  of  18l8j  has  choses  nitre,  as  affording  the  bevt'gMs* 
xhlview  of  the  phenomena,  and  it  is  sdrtMmWly  adtipttid  fw'  Mtit 
purpose  ;  th«  who}e  symm  of 'rings  bain^  coirt^dM  tft'  a  'nhy 
moderate  bliiokness' within  a  space  of  10°,  allowihg^ato  regard 
their  projection  on  a  plane  perpendicular  to  the"  optic  asis  as  a 
true  representation  or  their  figure,  undistortedby  refraction  at 
the  surface,  &c.  If  we  examine  ths  rings  in  this  crvstal  (illumi- 
witod  with  faomo^neoub'  light,  oc  by  the  intetvcnitna-  of  a''rtid 

fliesa  in  common  day-light),  it  wiU  be  evidebt  tUal)'til«-g<Bi(Mtd 
orm  of  any  one  of  them  is  a  re-entering  synuAiMnilra  Ofiiii 
jfbich  no  straight  lin^  can  out  in  iBure  than  f6«r  points,  and 
which,  by  a  varidti9n,of  S9l4»e  cubtithnttparainMeri  ia  iH-one state 
whoHy  concave,  fts  1,  fig- 4>  then>  be  conies  flattened,  als  2;  ^n 
io^ea  H  nmnaada.  oidiaiita  tmk  paiMi)  «fbDiUii>tjrHjiaaweH(^'3 ; 


«JK-J"-.    Cryift^Wwrf  »)rifa«  on  mmugfte^  Light.  Mr 

,ften  »  imA^  as  4 ;  After  whidb  ib  separates'  into  two  cMHBgaCb 
ty^u^asS)  wbici  ultimately  contract;  OiflDUeTveB  iato  (faep^tik 

^tOli^piblaiice  ta  the  variation  m  form  of  the  carve  of,the  fooru 
Otde%,  aa  w«U  Imo^  to  geometera  under  the  nam*  of  the  lem- 

(1*  +  y*  +  ^)*  =  a>ii*  +  4tl^- 

.when  the  paiiametBr  6  ^sdually  diminishes  from  iafinity  to  lero, 
2.a,\^Pf  tl)e  consfant  distance  between  the  poles,  m  order, 
iiowfllbVlv  to  put  t)i|8  to  a  E^tifi&ctoiy  examination,  ftccnrate 
.measoMe  must  be  taken,  which,  in  the  case  of  nitre,  from  the 
nuDuti^neHs  of  the  s^tem  of  rings,  presented  at  first  some  diffi- 
•Oqltism  These  I  auit^ated,  aA^r  many  fruitless  trials,  by  a  mode 
of  .<^twHnratioa  whid)  ,1  have  found  estremsiy-  convenient  and 
,miati^9,  »nd  wh^(^  apjtUes  particularly  welTto  the  present  pur- 
posQ^  It  copaiets  in  projecting  the  nngs  by  solar  tight  on  a 
w^ea  ia  a  darkened  rqom,  by  which  means  they  may  be  magni- 
fied to  any  required  exteot,  esaoiiaed  at  perfect  leisure,'  aiia^m 
«U'  ttui*  fMamt.  aqd  measomd  or  Uaeed  vith  a  peoeil  with  the 
.iltoPrt;«^^W*l»wia.««4  facUtty.,  They  tmy  be  thus  ^Khibited  ^><> 
Mt\^  vtua^  <}£  natataitm  at  ono^,;.  a  tj^ipg  which  may  provp 
<fwirwiwM«:to.tb<lectitreiv  far  wbv:h.wa»ori  I  have  sul^oinedto 
,tfiw,|Mi^kbnrfftoapriptii>a-aftjhe.appvatua  1  employ. 
,  Bi^tp^ic^  i^vety  ptMBgt  icry,9til  qf  niixe  at  right  aisles  t<Sil|i 
mmoSyt^mHii^tiM),  aad  sdjuated  it  prop^ly  od  thi9.apparatiw, 
>tfa»iFPie«  w^mprojadied.  oa  a  I»me  sheefe  of  paper,  stratchad» 
wluk  maiBt^  en  a  diawing  board,  ojr  which,  means  it  assttmea  9. 
■^miy  filuifitmiaS»p9.by  tbA.c9ntraction iU ued^rgo^s  whib  Uryiag. 
.Xb<9  fpha  aMTtt  tium  nwhad,  .and  tbe  loci  of  the  suooesuve 
Bl«wwa,,fcy,red  r^^ipaigftilly  qutlined.  The  serpen  being  thto 
.  mvav^6,  *  awefl'«f  lempiacat^a  were  laid  dowo  by  points,  hav> 
.ioK  ii>»  saras,  poles,  and  ouk  common  point  ia  ea^h,  chosen 
.  where  the  tinrt.  was  most  decided.  It  19  unneQessiaiy  to  gjve  any 
Mavttmkire.'9talamenl.  o£  mssaiua^  in  th«  observed  and  con- 
.flbua(0diaur«ti>,:a0.iliie  point*,  graphically  lajU  dpi<vn,  unifonolgr 
ii)ir<aB<!dM',p«ilGiMa(iwtflio9s»  or,.|n  the  few  iaptape9e  to  the  C04- 
■^avjf,  wtthu  limJts  lew  ibAO.tha  very  tijBing  tiv«gu^rities  of  tha 
.MitbiMP  thamwLwB- 

The  graphical  construction  of  these  curves  is  rendera^  , 
extremely,  easy  by,  the  elegant  and  Wftellrksown  property  of  the 
l^snoiscate,  is  which  the  rectangle  under  two  lines  drawn  from 
tile  fbci  ,(or  poles)  to  any  point  in  the  periphery,  is  invariabfe 
tltfoughput  the  whole  extent  of  the  curve.  This  is  easHy  shown 
liflpm  it#  «(;^uAtMai„ V)d  Uio  yal\tfl  pf  tjiis  fxti^taiit  ^ec^ngle  in  any 
,one.curFp  is.,e:xpres8ed  by  a  i.  ' 
;.ii,W«,i»wt  i»a«t.e5uj((irp,|iflw,  the  cooetoiit  jjarametof  4  varip»iB 

fiueiag  fy<pD(.rinK.to  ring.  ,,To  this  end  I  projected  the  nngs, 
■ttttnuoft^d^yred  light  oidy,,  bit  «  screeb  as  before,  and  havng 


outlined  the  inccesBiTv  l^^l  of .  t}ie  mimma  of'  UlBnuoaticm,  and 
iiid  down  the  poles,  foimd.,tfae  vaHe»  of  Ubiu  the  several  lei«- 
niscatee,  as  in  the  following  taUe  :  r-\w^-'.'^it-,:-)  '.yu 


<M«r<tftl>«>m. 

ObfemA  trIoo 
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The  nature  of  t^  illunuDAtioa  iM(>aHowhig  thfl -debneatioibtt 
be  performed  with  the  Bame  freedom  and  precision  as  in  a  fullet' 
'light,  the  v^ttca  of  a  bin  itie  BecondooIuiQn  are.tlmiiDeiiDSfidf^B 
■great  niimher  of  measures,  taken  in  every  part  of  their  respective 
cnrres.  The  numbera  in  the  fiflh  column  exhibit  the  excesses  of 
ihe  terms  bf  th6  arithmetical  progression  in  Wid  'ftinrth  (whose 
common  difference  is  L'59,the  mean  of  all  the  dtfferances  iatbe 
tbwd  colli  tnn)  above  the-obierved  valdea  ofa-if^&adviTti  tt>  ladd 
■aSfftHyto  authorize  the  conclusion,  that  these  valtteS,  and'tif 
-course  tlu)se  of  the  paratqeter  &,  increasQ -in  Aritfaigettoal  ftto- 
fptwion  vMt'tb^  orair  of  the  rings:  ori'iatotberwordb,  thaCtbe 
nohlbet  of  peri'oda'peHbrdled  ina  given  sp^cS  (=;'  Ijby'ti  lihfii- 
-nouB molecu^ ^odng  toforin any^powt M in the.prtyec^ion-o^iwv 
»s^ is  propottKinal' to  ths lieetangle  tif  the  ttistanoes  P  M;; Pn, 
dfftiatpointffbm!3ie;iwO  poles.;    '      '  -■    "■     ■     '.'      'r 

[  Now,  if  we  extend  our  views  ip  crystals  jn  y^hicH  tjoje  ^{sUutce 
between  the  axe^  is  considerable,  we  piay  reasoaably  expect  that 
liiejimal  traifflidoruwhich  tbke8^1ac£!ifl_aiia^cai_Hinnulffl  6sm 
the  arc  to  its  sine,  when  we  pass  from  aplane  to  a  spherical  sur- 
face Witt  hoM  gooi.  K  tfaw  be  thej<%ie  Wt  abi^  ha3>BM>6itce 
•tld  jn  ^t  cawB  4 

^.^  fl')  opsin. »   dfl  fl'  OT 

and  the  nature  Of  tlie  soch  oma^c'  ciurve  for  flife  nm  tfomplefc 
p«nod  Will  be  expressed  by  the  equat  on 

8*B  e  em.  ¥  tt  -^   CM  ^fc*  n  k  -c9«  ^  '^ 

^As^ior^    fl^fiafeiw(C}iAt»t,ng^ABgJ»telfte,<l^ 


bar.  ,iioi.;cji(,-Kji'; 't'j  i,i!f,,,i(.  •■j.tat.V+'iM.^''''    '-"-■■  ;''i- 

md  oooBec[sen%  ■  '  ^■■'■'■-'■-■     ■' • 

.  sis.  I , 


fW 


-r^  i 


■  ^cos.  A  +  COS.  9') ; 


^jfttfflriSW  lAe«Wfel,  I  iook-a  paste  of  iBica,'  whofle'tlirckii 
jiieasured  0'023078  inoQ,  and  haviag  a<|ljtisted  it  itceurately  o 


yon« 

ventfpti  of  tha  red  ^^s  above- meotioa^d,  ol^erved  me  ina^ma 
tnd  miaiiua  of  the^xtraordiDa^  oencilj betw^b  thepol^s.  Am 
these  otwervaltions/wbe a  repeated,  selqom  agi«ed  uhIgbx  withio 
a  fe^WinuteJ,  10;w6re  taken  df  each  ^axiiQuAi  and  m!himum. 
The  angl.es  of  inci^e^ce,  Reduced  fromj  a  meap.  ofBimila^  obser^ 
Taticns  on  each  sWe.  of  th(e  perpendicular,  are  set  down  in  the 
second  colunin  oftbefoUowing  tbble,  eacb  Dunlber  in  i^ch  ia^ 
therefore,  a  mean  result  of  20  (jhservitions.  The  BrBt^i^oluma 
contains  the  values  of  n,  (jr  the  order  of  the  ring  observed';  the 
fllird,  the  angles  of  _refraction,  to  'obtain  ^vhjcb  I  used  the  iiulex 
I'BOOj  employefl  by  M.  Biot.*  The  fourth  and  fifth  columns 
Wntain-the  Tdue^  Of  f,^,  tbeAc*  eompuMd,  and  the-6tfa,  valuea 

afidi<n«epCtient^A,"dadttoedfaiaa  tfcfl  fbminln  ksa'^—*'^-'--     ' 
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_0-0001«1 
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.iS^sisstioblbniB  «f  tfaig-tabl^ tthib^'^e -^eriatlbng  in  fixo«rt 
or  defect  of  the  values  of  the  quanli^  h,  so  con^sted'flromittw 
laean  of  ali  of  theni^>  -Their  smaBaei^  >^  'comparison  with  the 
^^t|)^i^lf^^i^sl^eir8i(te^3.!tioo»ofpigo,  «^  .evident  prqpfr 

*  Btdtctdm  >DTlciMouTcmeiiidaHoIecuIaacULimuaK,&c.p.4fl2.  HcUU 

wniptcdgWitlwutlacccK,  to  meuure  its  value.'  Wliat  llu  istiafied  M.  Biot  aod  Dr. 
^cwilcitfiBdieluieihutTideiillruudtliu  iodH,  oc  oocTeiT  Ccuit,  phD.  Tnui.- 

"■^t  rariMion  ia  ibe nfractive  index  vSl  produce  but  >  mrj  liJSiiig change  iii.th* 

UigniaObyGOOgfc 


of  the  coBKtucy  of  tlrisr«e«S«aat]  flpd.w^  v.^y  thw^tore,  vfl^ 
lized  to  take  sia.  S  x '  aiot  9'  a«  the  geafeTaif  value  of  -^  (6, 9').  Tb» 
obserralaotiB  on  RocbeUe  salt,  presesUy  to  be;^uitiii4ii>.  oBafioK 
tbig  law*  If  j^e  denote  by  I  tne  nuDimum  length  of  a  donbie 
^dilation,  OF  the  space  passed  over  during  one  cdm|>tete  period 
hff%  Of  Craaaioitt^  »t  ri^  aaglBft^.to<b(WliWWl>,w«itow.A.(|i 

5  J  (^nj  consequently  A  =  -j  J  =  kt^  If  we' substitute  fiiritvtf 
Mlub> raklef  above  fouod,  we  t>btHD  ■•'■' 

i  =  0-00076497  inch  ' 

&cUie  miniiuum.  length  of  a  period  performed  by  a  mean  red,fiif 
jumica. 

Resuoiing  our  general  equations  {b)  and*  (iQ'  if  we  substttij&t 
AeTaluc  now  detennined  fiu- 1)>,  and  write  -p  &xt  -,  -mabmrm. 

f  •  COS. f*  ■  usu-i . aio. $'  <si  I.  CAS.  f . bud.  (fi-^  ijiHi  £-4^  . 

:«iB.(*'  +  Ba.+  84)i     ,       .     ,  .         _-  ,  ^ 

wheBGe  it  is  easy  to  deiive  (ind^endentrof  ttaji  appvssiBiatioB) 
«08.2(a+  ia)  s=  C0B.2y  +  2  ~  ,  ^^|.  sin.S.Bin.f/  ,     (1) 

whtl«  our  approxiarate  «qua(JMi  (^  ftnmit^ied  the-Mtatrtn^  vdqr 
ccmvenient  formula  for  incidences  nearly  perpendictilttr  ^ 

.     ,         l-r  rin.J.dn.9'  ;.-. 

Bin^  i-a  «*  -ry-  *--iE77^  ■     -  -     i       .  ■ .  "MJ 

The  simplest  mppositien  we  can  fnme  f^latiTS  til  l}ie  vdtteB 
of  the  constant  elementB  I;  #  is  their  propodion^ify'to  t^o*e»f 
'«.  c',  or  the  lengths  of  the  ftts  of  easy  reSsction  and  tmnwdaaion. 
This  cannot  certainly  be  far  from  Ui&  trutii  in  crystals  with  one 
letis,  in  which  the  coincidence  <>f  the  tints,  with  those  9f  ,$4** 
itw'BACale,  ia  for  tb^moitli  part  exact..  lD'Bi4pbB.te,of  lii]pq.t)K>f 
■nd'  oaioar  the  •&]/  ciystaU  with  two  a«es:  which,  baw  be«n  opi- 
ojined  with  sufficient  exactness,  and  under  the  proper  circum- 

aince  caofirnied  l^  the«  occuote  ciparimcnta  of  BrenaCer  sad  KqC  The  velodlf  of  lb* 
extiBatdiiiaiy  taj  lA  sudi  dysUla  a  ejvca  by  the  ftimiulB  ifl  =  V"  4-  a  ,  sin.  t*.  Fitf- 
Wiiig  thig  uul^,  ire  may  condude  tliai  m  cnpiMli  with  Mo  axM  «e  sboiM  hiiei* 
^  V  +  ■,  sic.  ( .  Bin.  9'.  NoH  ihia  ie  precU«Iy  the  eipnsuoD  at  which  H.  BiMh" 
■nendy  aniTcd.     TMs  my  ample  ud  legist  reatdt  wn  roOTinnlowJ  Unte  by  iW 


doctibed.  In  ibe  fongdug  iDv^ridgBCiiiii  in  the  law  of  ptriodimcy,  I  beg  UiTtB,  tluw 
lbre,to  di»deim  all  intention  of  BriBgaiinB,tonij«tlfany<harejnthi»lieau[ifiildi»(o'™'7» 
1mtbaT«  thou^t  It  QecawT  CO  slate  the  steps  hi  tile  UM,  fri  ord^  to  ienMixr*^ 
^toHh  «M«iKf«rt(i  At  invea&gattiuu  that  raloW,  wbfcb  cmddiulbliwWii'iatM'^ 
'(pU«<i.f>T<Miie«dl7Bi7i^ilbiiaUinMa4itig,  i|)d^eBdfnt<f  o^e^nift,  f^  it* 
egoatiaii  v*^  V  *  ^  .gn.  >  .  At.  ff,  br  reason,  of  oat  ignoianc*  mHatMtit.ia^ 
aoitotmc&motAtwiuridTiBfbreeii  aodWepurpindt  abs(ihiedftom.aiMitif  <^ 
-ftnthepfaitatlVBimRd  ltmlrf'4M&  Mfr«MiMdtK>llH^^ 
•void.  -:  !,.,. -1    ,     „,i  ,:    I   •■ 

IM    -...lyClOOl^lC 


Jimdky'SeemB  to-be  (uiMK«Ml!'inih.'gMMp4cin*ib  'Ente-iMf 
utm  ^t^aallumxo.lim  getuni  ebMiwMB)  tfaat.  m  iti  omm) 
pae"^.    "Let  0^,86^  Eow  this  ajjirees  witli^emeasitTea||iTen  iii^ 

dief<9Tmer  part  ofthis  p^r. 

,  tb  sulphate  erf"  baryta,  if  we  take 'Dr.-Frewster'B  mea8ure"<^ 
1!^  djsperaive  power,*  we  hare  S  R  la:  0*019,  and-coDvequeDtly^ 
Mkuleting  on  the  data  detecmiaed  iap.  161,  we  must  ha^e,  at 
(fee  Tirtual  pole, 

ft  =  21"  e*  30*     ■fi'  =  20=  eo*  3&'      &f  =  -  J« 

Mow,  if  we  suppose  i  =  '6-3463  f  =  3*9982,  the  vallwa  of  d 
.mdc're8}iectiv«^  foe  the  extreme  red  «ad  violet.r^a^t  WA-vi^ 
find  by  subatitutioil  in  our  formula  (A) 

Ba  =5riO"         

B«f  <ft're<{  ra^  penetTAting  ^e  surface  (rota  wittim  tile  eiTAd  «t 
M  Mglo  a  -— ^  Wp  IS"  3(F,  ftad  a  ykfet  cue -ert-an  anj^*  +;-«-« 
*i.  I9f  3*  40'*,  wowld  emei^  at  the  respective  aisles  30°  69*  wd 
82°  SS'  ,20",  ^nd  would,  include  between  them  an  anele  of 
T69'  20*;  which  should'  he  the  apparent  separation  (if  the  red 
^d  y^^t  axes  in  the  plate  employed.  Noiy,  previpus  to.  the 
t;omputatio9  of  this  reeolt,  I  bad  caKfuny.meMmed  this  angle, 
by  observing  the  incidences  at  which  the  extreme  redandvimet 
'nys  of  the  pnsmatic  spectrum,  received  on  the  reflector  of  ft 

JpduiLted  apparatus,  respectively  t^sappeared  from  the  extraoT" 
inaify  image  at  the  poles  P,  V.    I  thus  found 
.      iBtamLof tbc  ptdaa  P,.?' Cor-ndmys  .......  62<>  2' 

.     Dittn-ior  nolst^ m    5 

'9Mb-Aiflereiice^  or  apparent  scpamtioD  «f>  tfae  axes^  2"  1'  30f% 
idtiehdifisis^l^on  its  computed  vnhie  only  by  2*  I^.  We  DWfi, 
ftAr«ti»B,  'feirly-  cottelnde,  that  in  tbe  om^  of  «il^t»  of  baryta^ 

the  hypothesis  g  ~  j  dpes-Dot  deviate  senisibly  &oin  tlie  tmttu, 
■''lf#e^appl|f  our -fofBMifa  (O' t»  (ftfrmftaaarea' ifcOTe jgi»«iTftr 
Hocbelle  sail,  .ike  result  wiB  be  widely  difi^rent.  '  Hie  s^aoM 
n^pMitisB  as  to-tbft  vtdues  of V,  I'  being  made,  we  get 
.."  '■'''■  ■  ■  ;  ta  =4"2'59"  ' 
!I^e  iocideaee  being  nearly  pcttpendiculftr,.  oni  tha  a«^  wa(4]» 
)WW*d,  9iq1j  iDcrejise  it.inuie  pioportioa  1'498  :  1,  tahasettw 
f9n]«Bt,8ng;W  wJudi  thui.«oHie»Qiit  ti''4'.  We  liaMer  Akeadff 
mKtS^46'for't^  same  angle,, by  a  motbod  which nu»ttwiwier 
8^y  give'a  result  naucU  bftloWiJihe  tWJtin. ,  Thia  di^wW^  »  ^ 
£u-  too,^eat  to  arise  /ram.  «D,y  errors  of  obsecvatiooj  buC^ 
AtafhtisTeexact'TiieBsares,  i  took  several  tithes  the  Appareot 

'-'."-)«'«' MUlh.   CbwiM«MMr-'Wta|t|faWk«P«Mft»:'    ■.  .:  '  ^ 

■     t  "Biat,  Tniti  de  Phraiqne,  vd.  ir.  -         •  _  ' 
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1^2,       ......    J^^HmeMoinlKAKiomitfn  i-tn  [iHului, 

ezUeme  red  by  the  direct  homogeneous' 'U^t  tif  a^^Hmi^iM 
Bfiparated  by  the  pri8in,.«QidreciiTed«ii\tbe  refiectorof  a  dindeJ 
Apparatus,  wben,  aft«r  t)ie  proper  reducUon^foi^refract^aand 
dn^rsitHi,  the  results  wiere  as  ioHow :     ■'"'  "  "^      " 


^s^'^f^Z^ 


HnagiMa.... 
HcanUnc... 


Indigo  violet. . . . 
Hon  violet... T. 
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Though  the  total  separa^on  of  the  red  aad  violet  ates  ia  thia 
table  so  far  exceeds  what  v/e  had  before  estimated  if  at,  I  am 
fully  satisfied  that  it  ia  no  way  exaggerated,  but  ratbec-falls  short 
of  uie  truth.  It  is  very  practicable,n}y  combinationB  of  coloured 
glasses,  liqaMS,  &t.  to  insulate  either  extremity  of  the  spectrum 
in  a  state  of  the  most  absolute  purity^  ,  i»  thi«>  climate^  the  ilts- 
-  persed  light  of  the  sky  iu  the  neighbourhood  of  the  »wx,  ivhieh 
always  mixes  with  the  prismatic  beam,  is  90  considerabie  u  td 
obhterate  the  feeble  rays  which  compose  the  two.  extrCinitMs«^ 
die  spectrum,  -  and  it  is  only  by  interposing  'Such  combinaitidob 
between  the  eye  and  the  Iceland  oryatal  uaed  to  towilyae  -tiw 
potaiised  ray,  that  thev  can  be  exauined  with  toy  amaaty. 
Tbe  combiuatioa  I  employed  for  the  extreme  red  was  saefa  tolt 
when  the  whole  spectrum  thrown  on.a,white  aonicii  was  vicKied^^ 
thiough  it,  it  was  seen  reduced  to  a  perfectly  circular,  well 
defined,  deep  red  image,  whose  centre  felt  on  tfal!~  very  furthest 
termination  of  the  red  as  seen  by  the  naked  eye,  and  whose  cir- 
cumference attained,  or  perhaps  surpassed  the  point  where  the 
maximum  of  the  calorific  rays  has  been  supposed  to  be  situated. 
In  like  manner,  when  the  same  spectrum  wasexamined  with  the 
violet  combination,  a  very  slightly  elongated  violet  image  became 
perceptible,  but  every  trace  of  the  indigo,  and  the  brighter  por- 
tion of  the  violet  rays,  was  extinguished.  For  observations  on 
the  indigo,  and  aU  the  more  refranetUe  portion,  I  employed 
aimilar  artifices,  without  which  I  found  it  perfectly  impracticable 
to  obtain  any  regular  and  comparable  results. 

The  coefficient  -^—  m  our  formula  being  the  only  part  not 
immediately  deduced  from  observation,  it  is  evident  that  the 
wsamption  y  =  ^.  must   be   widely  erroneous  in  the  present 

L)i.-reM>,G001^lc 


1821.]        CrystaUaed  Bo^et  tat  Hom^feneotu  Ligit.  17^ 

jutaDiA;  and  it,''i.tbMafibey>'l>M»ril>«tfi^i:esnry  to  ascsrta^tbe 

5SWft.(5)  wWjS'y^-u ■   M^^c  .-.„■■■  ■■■■■   ■-'  '  ■-:  ■"■  ■  ■> 

"VeliaVie  only,  therefore,  to.(ji;i»ety«tit«  i^S^i^ttiq^s, lef^ftplat* 
of  known  ttuckness,  properly  cut  and  adjusted  to  45°  azimuth, 
ybich-  coffeapond  to-^e  -slteroate  disappearances'  of  diGi  ordi^ 
Aaiy  and  extraoirdiiuuy  ioMges,  at  whica  pointe  the  values. of, )| 
art'  -ij  ^,  4-,'4,  &c. ;  computing  then  the  values  of  fl,  S',  and  f,  an4 
^ubuitutmg,  we  get  tbe  values  of  I,  without  detailing  particutar: 
ex^nmeMs. '  The  following  tal^  ekpre^es  the  final  re^t  of  fc 
I   grl^t  niiii(t|>e^  of  auc^^measures;, 


1-   ,  dm,  :■ 

Vihmort  in  iMjM. 

Nnmbn  .of 

lioni. 

-te*t.:r:;.--::;: 

-tfoosaas 

0-001»SS8 
0'003«MO  < 

o-oosises 

ff00a9868      ' 
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-  n    - 
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M 

s« 

■   49 

■sXheit^wcmtknMiifta^  whitih^  tins  tabl«  was  calculated  wette 
qtftdfeinduermUntitflly'on'the  maxima  and  minima  of'tA  ordetv. 
XboM  ciPdiAerent  orders  were  of  courae  computed  separately, 
4tid  foand  la  agree  wiUiont  leicception  In  giving  the  same  Talaes 
Q^r/iwiddnHmna  of  error liess  th£in  those  to  which  the  observa- 
lwt)s-«r«i  lialile';  ^thus  'affi>rding  another' proof  of  the  exactneM 
q&thfl  law  of  periodichy  Above  eihployed. '  Now,  if  we  compare 
tliede  Am  with  Another,  'atid  With  those 'tifc' as  deduced  by  M. 
Bi»fr  from  Newton's  obsieifvations;  wp  ishafl  have  as  follows  ;  ■ 


-Oitmi. 

ViSuttofj^ 

Vilue.  of- 

■■'■  v^L^m-i.. ::::..  . 

i-eooDo  ■ 

•  0188M3 

.  .^eieM  ■ 

P-72S66  . 

o-«6osa 
o-sssao" 
iO«(lM 

'  lOOOOO 

Invf. 
'■Ida- 
It  appeals  from  this  comparattTe  statemeoty  that  the  forceajOf 
FUariMtiod<ttk)a''a^bl&' i«fr«r6tion  4u  die ^body  now' exaidked, 
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«Wi-«0(lMqfleintiy  ^«ti  "even  were  its' emi'  eoiiieidtnft,  Hr  ^sfe!^ 

Qotoure  of  ^in  plates.  Thu  feoondttry  ewne  of  denktioft  m^A 
to  become  eensible  inj|U«tBft  cat  .sp  iW  to  oootaia  both  ette^v  if 
flzamioeii  at  4  pf-irpepdiimtar  iociduice ;  but.I  h»Te  not  yttked 
IW  «f>ftaFtamtY  of  mtAing  tfte  trial. 

.  If we'C{ilcultite-on  thenutRben  abav« given,  it'wiftBcmaanpAr 
■^t a'perFect  cfflnCKlence  of  ail'the (»i1ourB m  asiogle  fittuiu pote 
ib^ibmesmbte.  <For  thtB-purpose  w«nuiy  cmt^oy  ooreqUati^h  {i) 
WbJoli  miiily -affords  the  K^owii^ 

jfo».2(a+  S)-ooi.2a  jl  +  —  .  ui.  2o:sin.  (-8«)j  ■ 

taking  MiaaiMMeWtuy  angle  auoh  t^at 

tan.  M^  "^2  .tan.  2 a  .  j^  .  sin.  (—  J  a) 

whence  the  vtitie  at  i  or  the  positibn  ofthecoinctdence  of  any 
two  colonred  raya  becodies  known,  the  values  oN,  I',  and  —  8  a 
being  given  ftom  the  femoing  taUes.  If  w«  anite  tiie  mead 
red  with  Ae  mean  greefi,  these  fornftilsKgiTO  t"=t  -*  1 1"  29',  and 
if  <iiiiiUi  the  mean  bhie,  «  »  —  14^  8',  of  whidi  the  one  falls 
short  of,  and  the  other  es«e«dB  the  angle  —  18'  1' given  by 
observation.  Tf  we  determine  by  interpolation  the  values  of  t 
aad  -^  6<«>  «)iich^v«'-l  ^  ^  Id"  \'f  we  shall  find  very  oMrly 

V  *=  34581        -  ^«  «  y»3r        -»«  +  !"?*  =  fa*' 

^hich  correspond  to  a  blue  ray  strongly  inclining  to  green,  and 
In  the  brightest  part  of  the  colour.  How  it  is  evident  that  when 
a  rigorous  union  of  all  the  rays  in  the  proportion  in  which  thw 
exist  in  white  light,  is  impossible,  that  of  the  strongest  aaa 
brightest  colours  in  oppoution  to  each  other  will  at  least  en&uce 
the  nearest  approach  to  a  virtual  pole  on  the  prioeiples  above 
demi3Dstrated,  and  a  white  w^  thus  be  produced,  not  indeed 
mathematical^  perfect,  but  containing  bo  markad  excess  of  any 
of  the  morepowerfiU  calours. 

The  apopnyllite  is  the  only  crystal  with  one  axis  whose  tints 
exhibit  a  sensible  deviation  from  the  scale  of  Newton.  Its  phe- 
nomena, however,  are  entirely  independent  of  the  first  and  prin- 
cipal cause  which  prodsoee  the  deviatioa  ia  crystals  with  two 
axes,  viz.  the  separation  of  tfce  ax«s  ofdWwently  coloured  rays, 
and  are  referable  solely  to  the  secondary  and  subordinate  cause, 
of  which  RochcUe  salt  Ins  jmt  afibrded.aD  eixaomle,  viz.  a  pecu- 
liarity in  the  law  which  r^i^ates  the  kggths  m*  the  minimum 
oscillations  of  the  di^erently  coloured  rays  within  the  medium. 

1.  The  dots  of  1^  ayqdi^f.ewMwewn)  M'tii&Mint«  «f  the 
nagB,iai>d  incrMura  in  ngokir  prDgmHiotti  outwattkl,  (bUowll^lke 
••M>»aTdtr,'wk«teTtrbrtfEeliueKne«t^qf:&«  ^atet 

It'SiUtuH^fiMaulMi^-  tlMt.teniia^r*iv  UiDoarcMitna-ftir- 
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mm  ^ ' .  CiyttaJl^itA\SkdUf.  m  Htan^^wl*  Light.  tft 

mtda (iO  ia  the  same  ferall  Uie  colowred  rays,  being  ztm at  the 
e6lDmeticeiit*lfto£lAH«Mi»;3Kbdli«a^e  ihJ(^B^,i«i  a  iieoe88«i7 
bonMqu«ac«,  that  the  asm  of  all  -tlw  coloun  are  tmited  in  on& 
and  the  virtuti  and  actual  poles  cuidcide  with  each  otber'aad 
Witfa'^e  centre.  BM-aiiy'Rensible  sapantTioa  «f  the  axe«««rit, 
inmiBt  faccome  -perceptible  by  the  elliptic^  'of-ttre  rings  iitOA 
et^ltied  ttM)  ^btnogetreou^  light  of  that  colour  ikim  whi<^ 
they  are  iurtheet  aMmdw ;  bnt  Mtb  the  graoteBt '  attantioQ,  in 
^aKi't)f«ott(d6FBil4e'thit!4»t«M>  1  hwreinnbetihaUetcrobberri 
the  slightest  shifting  of  the  axi«>  ocdeviatloii  firom  ^'cifciUflr 
figure,  in  passing  from  aKd'49  a  viaist  illuminatioD.  Konevm, 
ifn-imdent'&om  the  precetoig  Sseow,  that  any  difference  which 
may  exist  in  their  position,  if  teo  stnall  to  be  sensihle  to  the  eye, 
can  produce  only  an  imperceptible  deviAtion  of  tiata.  In  faOy 
if  we  suppose  a  =  o  for  aHjr  fs^Blir,  we  get^  ■  fw  d»  p*«itiop  of 
the  virtual  pole, 

-  .ain.l'a 
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i  beiqg  ^be  angular  distance  of  the  point.  01*  coincidence  Irom  tin 
■ingle  axis  of  mat  cdiiiar.  It  is,  ^xHwequently,  ine««a{b]e  whcfc 
£  a  ie  so..  Now,  the  polnrising  force  of  Hie  apophjdlite  beiqg 
TGiy  feeble,  the  diameters  of  the  lings  in  any  plate  w  atotltraibr 
tluduueft  must.ao  far  asceed  this  vor-yniiiuitefniantity'thet  t^ 
virtual  poles,  did  any  exist,  mustikll  wrtfaiu'tbe-fimit  of  the  c€l¥- 
tral  blackness ;  the  Newtonian  Mais  would  still  appear  to-^oskr 
Beace  from  the  centre,  tior  coald  anyBansibledfei'iatioBi  fAHn'tt 
arise  from  this  cause.  ' 

2.  When  the  prismatric  spectrum  is.pasaed  over  an  E^paratus 
containing  a  plate  of  this  mmeral,  no  peroeptiUe  flhulgie  in  tht 
mptitudes  of  the  ringi  for  Slfiefent  colours  tf^es  tilace.  nenW 
it  appears  that  the  value  of  the  function  I  for  all  the  coloured 
tKfi  IB  oeariyellk^.  By  taensures  takenon  a  divlcted  apparatus, 
ft  flight  ditfbtence  is  observed.  Taking  ttie  mean  refracttv* 
index  R  a*  l'S481  (by  a  very  carefti!'ineasure).and  Aediapetwoil 
*R  at'0'0!7,tfae  formula 

I  ^t . — =  ~  .fiiQ.S  .(a».fl 

(I  .«»s.p         «  ^^ 

gara -as follows:  , 


Heuibkie 

O00MO59 

Eibcme-^et    ! 

60100660? 

This  tabk, doughnut  ?init'««  CKftot,  aviting  tniuperfectiiHik 
in  the  apecitaen  eH(EnBed,iaBntes'wtth'tiK'«uafaMiiDD  of'tint^ 
,friH(di|.asYnM.tteiiipi*h<ou&;''ff»e.ulD3Hoir^  < 
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Oidin^pencO. 


!S    W 

SI    M 


Pile  greeniih  yellow    . . . 

Whhe. 

White '. .. 

WMte,  with  &  atroDg  tinge 


Bhd 

Puis  liii^  Mil*;.. 


Purplish  white  ' 
SoBlin  ridel  Uii* 
Bxbndf  amkarislet. ; . 


Bliie,  (tron^  iuliiilnB  1 
StnnbTe  indigo,  iDcliuing  1 


1   Tolenblya 

i  iWbiteiWitbKtnceafjeUD 

!    While 

i  |P>le  purple 

[  iSonilne  purpk  bloe  . 
)   Sombre  violet 

>  Oreen  nOow 

I   VdbwuhwbitB 

I   Vdlowiih  ^lite.... 

White 

>  Pale  purple 

i   Somlne  mdigo. 

I   Hombie  violet 

>  Faint  riolct  white . . . 
Urid  grey 

I   Tolerably  sieai  ydk 
I   YelLivwlute 


ydlowgreaa  Pinpliih  wMla 


Sombre  violet 
lirid  grey 
Vdlowgreai    ' 
Pale  yeHowiah  white. . 
Vdlowiah  white 

White 

White 
Puiple 
Vett  apmliie  ittfllgo  ■  ■ 


In  tbe  colours  of  thia  plates  and  others  of  the  like  tX)iiipQaitioii^ 
the  difference  ia  the  leagtha  of  the  periods  of  the  different  rajy 
is  BO  considerable,  that  alter  seven  or  eight  alternations  of  coloio^, 
the  lings  confound  one  another,  and  are  blended  into  a  uniform 
whiteness.  Were  the  periods  more  nearly  equal,  a  greater  num- 
ber of  rings  should  be  visible,  and  were  they  stnctly  so,  the 
succession  of  alternate  whiteness  and  blackness  should  be  conti- 
nued to  infinity.  As  the  values  of  /,  f,  &c.  in  the  apophyllite 
approximate  pretty  closely  to  this  limit,  we  should  expect  to  see 
a  much  greater  number  of  rines,  and  liiis  I  find  to  be  really  the 
case.  By  inclosing  a  thick  plate  in  balsam  of  copaiba  in  a  pro- 
per apparatus  to  increase  the  range  of  incidence,  I  have  counted 
as  far  as  the  35th  order,  when  I  desisted ;  not  from  any  want  of 
alternate  colours,  but  owing  to  their  extreme  closeness,  which 
rendered  it  impossible  to  number  them  tiistilictly.  Indeed  I 
jiave  no  doubt  that  could  a  Y&rf  thick  and  limpid  speeimea  be 
procured,  hundreds  might  be  aeen  withoot  artiroial  aid.  -.      «  : 

Id  two  instances  &9b,  at  l^iet,  and  profaab^  ia  tumy  moie, 
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or  perhaps  to  a  certain  small  degree  in  all  caaeB,  the  minimam 
lengtha  of  U^  pe^^  jdevi^te  Ib  ttreir  mttpectivtf  .prdportioDK 
from  those  of  the  fits  of  easy  traaSmission  and  reflection ;  a  cir- 
cmiiBtance  which  of  itself  is  sufficient  to  prove  the  independeRCe 
of  the  causes  of  these  tetw  of  periodicity:  if  we  tate  R  r  =i 
B.-A,  fig,J,  -and  coiwtnict  a  curve  whose -abscissas  A  P  are  tire 
yala»ef&,  c';  &o.  and  ordinates  those  of ;,  /',  &c.  the  straight. 
Maeroygbiv  incUiied  at  46°  to  A  E.  will  represent  the  locus 
fotci^et^,  sjichas  carbonate  of  lime,  in'which  the  periods  foli-' 
low  ^e  Newtonian  law,  /  o'  y*  g*  y  i'  V  will  represent  th?  same 
locus  for  tartrate  of  soda  and  potash,  while  Jr"  o' ^y"  g"  fi^i't!?  is- 
tlWiifi«se:»miIarty  traced  for  apopfayHite.  |-     ■     ^^ 

Having  Communicated  to  Dr.  BrewiSter  nay  observationa  ob' 
the  deviation  of  tints,  and  the  cMichision  I  had  thence  deduced 

as  to  the  separation  of  the  axes  of  the  differently  coloured  rays, 
I  received,  ip  answer  a  letter,  fromwHich,  injustice  to  that  inde-/ 
fafigabte  otiperver,  I  subjoin  the  following  extracts  :  ";      ' 

n  M1|«!DEAR-Sia,  Bit  iCfK,  (y  J?o»Sf.Lfl™«fc,Siy/.  18,181  j.     ' 

"  In  consequence  of  liaving  been  some  time  trom  hoime,  I 
hara>only'riow  received  your  Tetter,  and  hasten  to  reply  to  tpat'' 
part  of  it  id  which  you  .^i^quest  me  to  state,  what  resulte  I  had 
obtained  respecting  the  deviation  of  the  tint*  from  Newton's' 
scale.  The  following  general  points  will  enable  you  to  judge  of 
tie  progress  which  I  had  niade  in  the  inquiry. 

'"  t.  7n '  almost  all  crystals  with  two  axes  there  is  a  deviation 
from  the  tinU  of  Newton's  scale. 

"  '2.  This  deviation  is  greater  in  some  crystals  than  In  others,  • 
being  a  maximum  in  acetate  of  lead  and  tartrate  of  potash  and 
soda, 

_"  3.  That  all  1;hess  orystale  may  be  divided  into  two-cksBee, 
vu.  those  which  have  the  red  ends  of  the  rings  inwards  and  the 
blue  ends  outwards,  and  those  which  have  the  red  ends  outwards 
andthe  bine  ends  iDwards. 

"  4.  That  in  all  crystals  with  two  axes,  the  doubly  refracting 
force  of  one  arts  in  general  acts  differently  upon  the  differently 
coloured  cays  from  the  doubly  refracting  force  of  the  second  axis 

"  5.  That  as  thepol^ising  force  is  always  proportional  to  Uie 
force  of  double  refraction,  the  polarising  force  of  one  axis  will 
act  diferently  on  the  diHerently  coloured  rays  from  the  polaris- 
ing force  of  the  other  axis. 

"6.        *****         *         *         •  * 

"  7.  The  consequence  of  this  iSj  that  there  will  be  different 
resultant  axes,  or  different  poiats  of  compensation  for  the  differ- 
ently coloured  rays. 

"  6.  All  these  effects  may  be  calculated  with  the  utmost  accu- 
racy, if  the  ratio  of  the  dispersive  powers  ofthe  two  extraordinary 
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xel^otive  forces  is girea,  aivkevtrai,  the  diapei8iy4^f(m«m  m^ 
lie  obtaiHed  from  tEe  angles  of  the  resultant  ax6»  for  t^  ijedaedl 
Tiolet  rays  of  the  spectrum. 

"  9.  Ihave  found  cryataU  inwliicih  tIieseplieaomfina<mdect> 
dfdly  connected  with  Uie  rotatory  pheaotnena ;  and  from  thk 
highly  importaat  ^t  I  am  led  to  conclude  that  both  hare  the 
aaoie  origin,  ami  that  all  the  rotatory  phenomena  are,  as  I  bww 
stated  ia  my  paper,  the  result  of  the  uaoompensated  ttots  oftw> 
axes,  equal  J'or  tht  mean  ray,  but  unequal  for  all  the  rest 
(flere  follows  an  iUuMroHoit  fty  a  diaphra^.) 

"  10.  The  division  into  two  classes  in  sect.  iii.  as  fbaoded 
merely  on  observation,  ia  converted  into  another  divisioQ  iut^' 
two  classes ;  viz.  1.  That  in  which  the  doubly  refracting  force  of 
the  principal  axis  acts  more  pow^ully  on  the  blue  rays  th&a  tjie 
other  axis  does  ;  and  2.  That  in  which  it  acts  less  pow«r&Ily. 
The  first  class  comprehends  those  crystals  in  which  the-blue  mm 
.  are  inwards,  and  the  second,  those  in  which  the  red  endswe' 
inwards,  or  nearer  the  principal  axis." 

In  a  subsequent  letter  (Oct.  4),  he  adds, 

"  The  virtual  pohi,  which  you  mention,  I  discovered'  in  the 
,  y^ar  1815,  andl  nave  two  accounts  of  them  in  my  Journal,  tke 
one-  signed  on  the  24th  January,  1816,  and  the  other  6th  Jann- 
a^,  1817,  by  Sir  G.  Mackenzie,  President  of  the  Phy«sioal  Clu» 
of  the  Royal  Society." 

]Vo  comments  on  the  above  extracts  are  neceseaiy.  Tbey 
establish  at  once  the  priority  of  Dr.  Brewster's  observati(»i8,  aiuL 
the  independence  of  mine.  With  regard  to  the  division  of  ciys- 
tals  into  two  classes,  which  observation  has  ahke  suggested  to 
both  of  U8,  it  is  mmecessaiT,  if  we  ie|^rd  eithei  of  the  two 
classes  as  having  the  angle  between  the  resultant  axes  greater 
than  a  right  angle.  In  Dr.  Brewster's  table,  Phil.  Trans.  1818, 
p.  230,  succinic  aoid  and  sulphate  of  iron  are  stated  as  having 
this  angle  90°.  if  this  determinatim  conesponds,  ati  in  all  pro* 
bahility  it  does,  to  the  yellow  rays,  they  belong  at  once  to  both , 
classes,  and  are,  in  &ct,  instances  of  uie  Umit  where  one  class 
passes  into  the  o^er.  Bicarbonate  of  ammonia,  in  which  I  can 
perceive  no  separation  of  ths  axes  of  diil^ent  colours,  nor  of* 
course,  any  virtual  |toles,  belongs  in  Uke  manner  to  both  classes, 
or  to  neither.  John  F,  W.  Hbbscuei.. 


APPENDIX. 

Bescriptitm  of  an  Instrument  tmployed  in  the  foregoing  Expen- 

Tneitts  on  thepoumied  Rings. 

The  singdar  property  possessed  by  the  tourmaline,  by  which 

a  plate  of  it  of  any  moderate  thickness  cut  in  a  direction  parallel 

to  its  axis  of  double  refraction,  is  enabled  to  absorb  the  wW^i  ^^  ■ 


ObyGOOQlC 


]ffi).]        CrystaSi^d  Bodtes  oa  HofHOgHtgOui  Light.  119 

dHHf  t!ie  whole,  of  tm  incident  pencil  polarised  ib  a  plana 
pltflllel  to  that  axis,*  was  pointed  ciut  by  M.  Biot,  in  the  fourtJi 
vrttttttf!  dThig  Traits  de  I^siqnc,  and  tie  has  availed  himself  of* 
i(  with  his  actiuAtdmed  ingenuity,  as  affording  an  extremelr 
rtBdy  and  convenient  tnode  of  TieWing  the  phenomena  of  polan- 
sStiOTi,  much  More  so  than  by  the  nge  of  plates  of  agate,  pri8ins| 
of  Iceland  spar,  or  a  second  reflection.  It  follows,  from  the 
flbcffe^mentioned  property,  that  if  a  b«atn  of  ordinary  light  be 
wAie  to  trftVerse  such  a  plate,  the  whole  of  the  emei^ent  pencil^ 
of  nearly  so,  will  be  polarised  id  a  plane  at  right  angles  to  the! 
aSfl* ;  for  the  incident  t4y  being  divided  by  the  doubly  refracting 
&tee  into  two  pefieils,  polarised  in  planes,  the  one  parallel,  the 
^er  perpendicular  to  the  aS!8,  the  former  is  extinguished  in  ita 
piStege,  While  the  latter  twierges  with  nearly  its  fuU  intensity. 

Hence,  if  two  such  plates  are  crossed  at  right  angles,  though 
jAjtarately  Very  transparent,  their  combination  will  be  opaque. 
Tfiere  is  a  great  difference,  however,  in  the  degree  in  which  tour- 
n^es  of  different  colours  possess  this  power.  Those  of  a  Eght 
M>ea,  pinkf  at  bluish  colour,  are  quite  improper,  allowing  a  con- 
sderable  portion  of  li^t  to  pass  when  so  crossed ;  while,  on  the 
ofliet  hand,  those  whose  colour  verges  strongly  to  the  honey 
p&cm,  ot  to  the  hair  brown,  or  purplish  brown,  effeAt  nearly  a 
complete  absorption,  and  afford,  when  crossed,  a  combination 


dt&ost  itnperdous  to  light.  In  ignorance  of  this  distinction,  I 
aftrlftced  several  htte  and  valuwle  specimens  before  I  could 
d^ii  proper  plates. 

When  E(ciystalli2ed  lamina,  cut  in  a  proper  direction,  is  inter- 
pOied  between  such  a  combination  of  plates.  It  disturbs  fh» 
]«krisadon  which  the  light  has  received  in  traversing  the  first 
[tete,  and  renders  a  certain  portioti  of  it  capable  of  trarersini; 
.  He  Becolid :  the  colour  and  intensity  of  this  portion,  varying  with 
flie  direction  of  the  ray,  give  rise  to  the  phenomena  of  the  pola- 
nsed  rings,  which  may  accordingly  be  seen  by  applying  the  eye, 
*K(  receivintf  on  it  the  dispersed^hght  of  the  clouas,  8&c. 

lb  order,  howerer,  to  equalize  a^  well  as  disperse  the  lights 
iftodi  is  of  great  iinportance  to  obtaining  B  perfect  view  of  the 
pi^otaeJiii,  an  etfieried  glass'  may  6'e  cemented  on  the  anterior 
^tate,  or  the  first  surface  of  the  plate  itself  roughened ;  but  it 
W3I  be  found  tdore  convenient  in  practice  to  employ  a  double 
*)lrvet  leda  of  shOrt  focus  fbr  this  purpose,  by  which,  if  neces- 
Ary,  a  very  strong  illumination  may  be  obtained,  and  an 
extremely  minute  portion  of  a  crystal  subjected  to  examination. 

*  The  aaa  pRmWtt  la  «teHAte  ia  flM  tfUMt,  At  uiirfW,  md  >D  oOa  monll 
ad  ntificul  cmbds  irhidi  exhibit  my  itgnt  t>f  dkhioinii  vben  aumined  b;  tinpola~ 
ifN  lifhL  MuoMe  of  polIaaiuiD  wd  poU^  pooMM  ic  in  the  hl^W  fafmia. 
^i  rSnukable  dFtd  a  taalj  eipluncd  bf  >  lefeimce  ta  dii  gaaatl  priBs^e*  hit 
vKbyDr.  Bre-(9teruihuipnMrai)sb«>iptioiuPhil.  Tnuu.  lSI9,p.  tl.  The  ind. 
4|^|ead]  u  le^oTBted  b;  the  doubly  lAtdn  foioc  into  two,  Cfipo^idT  polsriwd,  oat  ' 
™™iliu[Mfll;  ■Iteoibea,  the. Other  eme^ei  (poUitaed  in  in  pn^pkne}  of  neuljit* 
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I  hove  thua  occaBiondly  examined  the  ringd  in  tl  portion  not 
fizceedin,^  tlje  hundredth  bf  an  inch  in  diameter,  aod  thns 
detected  irregularities  ofcrystallizationof  avery  Edagulac iiatuie^ 
in  many  bodies,  whioh  would  have  eloded  any  ottier  mode  of 
observation.  For  this  purpose  the  crystal  must  bfe  cemented 
over  a  small  aperture  in  a  thin  sheet  of  brass,  on  which  the  focus 
of  the  lens  must  be  exactly  adjusted  to  fall,* 

If,  instead  of  applying  the  eye  to  receive  the  light  so  dis- 
persed, we  place  a  screen  at  some  distance  in  a  darkened  room, 
the  apparatus  is  converted  into  a  solar  microscope,  and  the  rings 
will  he  seen  projected  oh  the  screen.  The  construction  of  t£e 
apparatus  I  employed  is  as  follows :  A  B  is  ^  brass  tube,  within 
which  are  fitted,  nrst,  a  fixed  diaphragm,  aabh,  cairrying  the 
first  plate  of  tourmaline  in  its  centre ;  secondly,  a  diaphragm^ 
cc  dd,  moveable  freely  in  its  own  plane  by  ineaii^  of  the  pfti g 
passing  through  a  sht  in  the  J  ide  of  the  cylinder,  AB,  which 
occupies  an  arc  of  about  120"  of  its  circumference.  This  is  des- 
tined to  receive  the  crystallized  plate,  d  d,  while  a  cylimler, 
A  A  e  eff,  made  to  slide  and  turn  smoothly  within  A  B  carries 
the  second  tourmaline, /"_/'.  It  is  essential  that  the  tourjralines 
employed  for  this  purpose,  and  especially  the  posterior  one, 
should  be  perfectly  free  from  all  flaws  and  blemishes ;  but  lai^e 
'plates  not  being  required,  this  ionditioA  is  eafeilj  satisfied.  '  T^fe 
plates  so  arranged,  and  brought  as  near  together  as  possible,  the 
extremity  A  ,of  the  cylinder  A  B  is  fitted  to  slide  somewhat 
stifBy  On  the  brass  tube  P  Q,  furnished  with  a  [ens  L,  of  aboot 
two  inches  focus,  and  a  screw  P  P,  by  which  it  can  be  adapted 
to  the  apparatus  usually  employed  for  re6ec£ing  a  sunbeam  mtb 
a  darkened  chamber.  The  sliding  motion  of  the  cylinder  A  B 
allows  the  focus  of  the  lens  to  be  adjusted  so  as  to  fall  exactly 
on  the  first  surface  of  the  pbsterior  tourmaline  f,  while  its  rota- 
tion suffers  the  axis  of  the  anterior  one  to  be  placed  perpendi- 
cular to  the  plane  of  reflection.  By  this"  arrangement  twa 
advantages  are  gained.  The  reflector  employed  (though'  metalfic^ 
always  polarises  a  more  or  less  considerable  poVtion  of  the 
reflected  beam,  which  in  any  other  position  is  paitidiy  or  tbtally 
extinguished  by  the  first  tourmaline,  and  a  great  loss  of  light 
ensues,  which  it  is  of  the  utmost  consequence  to  avoid  :'tiaore- 
over,  by  this  disposition,  the  action  of  the  reflectol"  is  brought  to 
conspire  with  that  of  the  toiirmaline,  and  the  polari&ati'oh  of  tBe 
light  which  traverses' it  (which  la  never  rigorously'  exact)  is 
thereby  rendered  more  complete.  ,       '  .  -       ■  . 

It  is  convenient  to  have  sliding  tubes  'iioh^dim'n'l;'  le&^e^  of*  dif- 
ferent focal  lenglJis,  according  to  the  cn^stal  examihed.  for  the 

*  I  liBTC  now  an  appuvtui  piepuing,  in  vhidi  the  Ent  pUte  of  tourmaline  itadf  it 
fomedinCoa  double  conTci  leni,  b;  vhjdi  the  1ouofS|hr;i[  two  nutacH  mttbe  lu^ 

aproBtd.  Ilia  easy  toadipt  such  alensto  sdouble  iiikMscope,.tbr the  purpose  of  dttect- 
mieniaeopic  BTfgularitien;  and  I  bare  reuon  to  suppose  k  wletf  of  turiom  mrili 
bebmu^t  toligiub;  tboemeani. 

uirneob,  Google' 


Ittl.]        Cr^itaifiMiiBodki  on  IJomogiJieoHs  Light.  ]St 

inteiiBi^  of  iUDmioation  any  point  in  the  screen  beio?,  caterit 
foribus,  as  the  square  of  the  focal  length ;  consequenUy,  when 
Ab  nogs  lie  witl^n  a  very  gouII  angular  conipags,  a  greater  illit- 
minatioQ  of  6yery  part  of  them  may, be  obtained  by  using  a  leiw 
of  alooger  focus. 
The  aimeDsione  pf  the  figure,  fig.  6,  ore  nearly  of  the  actual 


Article  II. 

Observations  on  a  Memoir  "  On  the  Theory  of  FrarikUn,  accord- 
ing to  which  Electrical  Phenomena  are  explained  in/  a  single 
Fluid"  read  at  the  Royal  Institution  of' the  Sciences  at  Amster- 
dam, b^M.  Martin  Van  Marum,  Knight  of  the  Order  of  the 
Belgic  XAon,  Secretary  of  the  Dutch  Scientijic  Society,  Director 
of  the  Teylerian  Museum,  &!c.&!c*    (With  a  Plate.) 

(Tethe  Editor  of  the  Annals  of  Philosophy.) 
SIR,  Dtc  13,  1810. 

It  has  been  repeated  so  often  as  almost  to  require  an  apology 
for  its  introduction,  that  the  Baconian  philosophy  proceeds  ^ 
iliscorering  and  establishing  facts,  holding  that  upon  such  a 
foundation  alone,  can  be  raised  any  structure  deserving  the  name 
of  science.  The  philosophy  which  has  happily  been  almost 
exploded  by  Bacon  and  his  successors,  lays  its  foundation  ia 
bjrpotheses ;  and  the  labours  of  its  adherents  are  spent  in  inge^ 
mous  conjectures,  or  in  efforts  to  bend  the  various  facts  disco- 
Tered,  to  give  those  conjectures  an  apparent  truth.  A  Baconian 
philosopher  gathers  his  maxims  and  principles  from  the  united 
rays  of  numerous  observations  and  experiments,  and  as  they  are 
leceived  in  all  the  simplicity  with  which  the  facts  themselves 
express  them,  they  yield  to  the  mind  all  that  satisfaction  and 
confidence  which  spring  from  the  clear  perception  of  truth.  On 
the  contrary,  an  hypothesis  is  incapable  of  teaching  any  truth  at 
iH,  and  ought,  under  no  circumstances,  to  be  received  as  "  a 
confirmed  truth ; "  the  observation  being  certainly  Well-founded, 
"  that  an  hypothesis,  however  satisfactory  as  far  as  concerns  the 
«jplanation  of  all  the  phenomena  for  which  it  has  been  proposed, 
cannot  nevertheless,  for  this  reason,  be  considered  as  moon- 
testibly  proved."+ 

Unfortunately  the  worthlessness  of  hypotheses  is  not  their 
greatest  evil ;  they  invariably  tend  either  to  tjaislcad  the  mind 
nom  those  conclusions  naturally  deducible  from  experiments,  or 

*  Am.  PhU.  No.  06,  p.  440, 

t  Ann  Phil.  No.  9S,  p.  44 1 .  I  concaTc  iMi  miut  be  tlu  meBning  of  the  loilenee 
tUiix  it  B  apprehended  (tbough  without  >n  eiomiu  ion  of  the  oritpntJ  papn),  miut 
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to  indace  an  extravagant  regard  to  some  circunvtanoes  to  tJw 
neglect  of  others  equally  or  more  important.  Thus  FraoIiUn* 
whose  experiments  and  observations  will  ever  rank  him  amoof 
tlie  first  philosophers,  has  impeded  the  progress  of  gcif  nee  by  bw 
lypothesis  respecting  electricity,  which  now,  io  epite  ot  tbp 
Anxious  exertions  of  his  old  and  most  respectable  disciples,  se^tns ' 
"inevitably  doomed  to  death.  M.  Van  Marum  however  is  of  » 
different  opinion,  and  to  arrest  the  progress  of  the  dualists,  by 
which  he  means  those  who  think  there  are  two  electric  fluids, 
by  the  assistance  of  tlic  Royal  Institution  of  the  Sciences  at 
Amsterdam,  he  has  thrown  down  tlie  gauntlet  to  all  the  world, 
in  a  paper  read  before  that  Institution  in  October,  1819,  and  ia 
-their  flame  he  hi>s  c^led  for  an  answer  to  an  experiment  wbicb 
Jie  orisinally  published  in  the  year  1786,  and  caDuders  still  uuan- 
swerea  and  unanswerable. 

The  experiment  which  has  been  thus  put  forward  as  an  espe- 
timentum  crucis  of  the  FrankUaian  hypothesis,  is  given  so  litde 
in  detail,  and  so  many  of  the  important  circumstmipeB  are  omit- 
ted, that  it  is  difficult  to  deduce  trom  it  a  perfect  explanation  of 
the  phenomena.  From  the  whole  of  the  statement,  however 
the  tacts  upon  which  M.  Van  Marum  relies  may  perhaps  be  suf- 
£ciently  collected.  It  seems  then,  that  in  the  forEoation  &nd 
collection  of  positive  electricity,  M.  Van  IVJarum  employed  Wp 
conductors  ;  one  in  more  immediate  connexion  with  the  macbiiub 
«Fhich  he  has  called  the  tirst  conductor,  and  a  second  intended 
to  contain  a  larger  quantity  of  electricity,  which  he  calls  t})e 
jEfceivinc;  conductor,  and  this  latter  was  placed  at  a  little  div^ 
snce  from  the  first  conductor.  It  then  appears,  that  he  w<a» 
Able  to  ascertain  by  the  form  of  the  spark,  that  tbjs  electric  &viti 
strhich  was  generated  by  the  machine,  and  commuoic^ted  to  fi« 
fiiBt  conductor,  passed  from  that  conductor  to  the  receirisc 
inductor. 

Perhaps  there  c^notbe  shown  in  phiIos(^hical  r^asonia|;  a 
foore  flagrant  instance  of  the  evil  of  an  hypothesis  and  itB  p§t~ 
«icLOU8  influence  over  the  mind,  (ban  that  M.  Van  Maruw  wd 
ihis  friends  should  esteem  this  "  a  most  evident  proof'  in  f^winr 
pf  the  theory  of  Frankhn."  That  is,  because  one  electric  fluid 
4en  pass  from  one  conductor  to  another,  therefore  ther«  ie  b^ 
other  electric  fluid. 

This  experiment  could  satisfy  only  the  most  zealous  adbereo^ 

i>f  the  Franklinian  hypothesis ;   but   i^other,  which   is   twice 

detailed,  is  considered  irresistible.     It  was  so  poweffully  openb- 

"        1  philosopher  a»  to  have  silenced  him  for  ten 

i^mstances  of  this  £xperim«i^  caq  hardly  M 
it  statement  of  it,  but  by  comparing  the  two 
the  more  important  facta  nuy  firobaUy  be 

•  Ann.  PhU.  No.  96,  p.  44T. 
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'4»^nisauibed.  Prom  the  <»ra|mrison  of  the  two  frtatemeats,  It 
i^peare  that  if  "  a  button  of  coppef  *  "  which  either  was  ^sedin 
ft  coadaotor  charged  try  ^  miwAine  with  positive  electricity,  or 
'.fey  ooramimieating  with  Cfaeeftrtli,  acqmred  a  charge  of  ad  oppo- 
site kind  to  Chat  of  the  electrified  coadtietor  **  fee  browght  within 
BIX  iBflheB  of  the  iarge  glebe  "  •  of  the  condnctor  negatirely  el«e- 
-  trified,  the  rsnHfied  electric  fluid  passes  from  the  positive  to  "Ae 
negative  conductor.  This  last  experiment  in  M.  Van  Manim^ 
femds  has  proved  victorious  ovef  every  person  with  whom  it  "hag 
come  in  contact;  and  it  is  not,  therelbre,SHrprisiDgthatitsho«1d 
have  convinced  even  the  venerable,  sober-minded,  and  intel- 
figent  FrankUn  of  the  tmth  of  Ats  awn  hypalhesis. 

Happify,  however,  ■  with  whatever  geniaa  an  hvpotfiesifi  rosy 
be  first  suggested,  or  however  ably  and  indexibfy  suppoftea, 
^th  win  ultimately  become  rebelGous.  Just  as  in  this  cnse, 
where  the  similarity  of  the  effects  of  positive  and  negative  elec- 
trieity  is  so  obvious  in  innumerable  instances  that  rt  has  been 
Smpofisible  to  repress  the  opinion  that  if  the  phenomena  of  posi- 
tive electricity  anse  from  a  peculiarfluid,  so  do  those  ofoegatsve 
electrieity.  While  a  philosopher  whose  mind  is  accustomed  to 
iadnctive  reasoning  wiR  not  be  able  to  avoid  some  surprise  that 
«idi  a  man  as  Fiatrklin;  on  seeing  M.  Van  Mamm's  experiment, 
^odd  any,  *'  this  proves  the  theory  of  a  simj^Ie  electric  fluid, 
and  it  is  now  high  time  to  reject  the  theory  of  two  sorts  of 
'fluids."  To  such  a  philosopher,  it  must  appear  singular  that  it 
should  not  have  suggested  itself  to  Franklin,  that  it  might  have 
'treen,  tli^t  the  negative  electricity  had  arisen  from  a  peculiar 
"fluid,  which  was  held  in  its  conductor  by  a  strong  attraction 
Ihaii  that  by  which  the  positive  electricity  was  held  in  its  con- 
ductor;  or  it  might  hare  been  that  the  air  (which  probaMy 
occasions  the  zigzag  ramified  appearance  of  the  positive  spark), 
apposed  less  resistance  to  the  positive  fluid  than  to  the  negative ; 
•or  it  might  have  been  that  the  form  of  the  button  afforded  greater 
fecSity  to  the  transmission  of  an  electric  fluid  than  that  of  a 
large  globe ;  aod  either  of  these  circumstances  would  account 
ftrthe  passage  of  the  electric  fluidfrom  the  positive  to  the  nega- 
tive conductor,  consistently  with  the  notion  of  a  negative  electeic 
■fluid.  But  if  eveiy  one  of  these  circumstances  were  shown  not 
to  exist,  the  experiment  could  sot  possibly  prove  that  there  woe 
IH)  negative  or  resinous  electric  fluid.  Even  then  the'  fact  that 
■the  positive  electric  fluil  had  been  attracted  to  the  negative 
'cooduotor,  would  jio  more  have  pnwedthe  non-existence  of  a 
negative  or  resinous  electric  fluid,  than  the  fact  that  conoeo- 
toated  sulphuric  acid  attracting  vmter  to  itself  proves  the  non- 
existence of  sulphuric  acid. 

Bid  M.  Van  MurumV  experiment  wil>  be  better  explained, 
*ai  hia  obgerrtiions  uiswered,  by  KDotfterezpeffknent,  whtefa 
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tna  pnbliBhed  in  the  Philosophical  Tnnaactions  so  long^ince  w 
the  year  1789. 

"  The  esc^e,"  says  Mr.  Nicholson,  in  a  paper  detailing  some 
ezpenments  with  a  powerful  machine, ,"  of  negative  electrici^ 
Jrom  a  ball,  is  attended  with  the  appearance  of  straight  shaip 
sparks  with  a  hoarse  or  chirping  noise.     When  the  ball  was  less     i 
than  two  inches  in  diameter  it  was  usually  covered  with  short      , 
flames  of  this  kind,  which  were  very  numerous.  ' 

"  When  two  equal  balls  were  presented  to  each  other,  and 
one  of  them  was  rendered  strongly  positive,  while  the  othn 
remained  in  connexion  with  the  earth,  the  positive  brush  ot 
ramified  spark  was  seen  to  pass  from  the  electrified  ball :  when 
the  other  ball  was  electrified  negatively,  and  the  hall,  whiclt~  r 
before  had  been  positive,  was  connected  with  the  ground,  the" 
electricity  exhibited  the  negative  flame,  or  dense,  straight,  and 
more  luminous  spark,  from  the  negative  ball ;  and  when  the  one 
ball  was  electrified  plus  and  the  other  minus,  the  signs  of  both 
electricities  appeared.  If  the  interval  was  not  too  great,  the 
long  zigzag  spark  of  tlie  plus  ball  struck  to  the  straight  flame  of 
the  minus  ball,  usually  at  the  distance  of  about  one-third  of  the 
length  of  the  latter  from  its  ptant,  rendering  the  other  two-thirds  -» 
veiy  bright.  Sometimes,  however,  thepositive  spark  struck  the 
bail  at  a  distance  from  the  negative  fiame.  These  effects  are 
represented  in  Plate  V.  figs.  1 ,  2,  iind  3.   ■ 

Two  conductors  of  three-quarters  of  an  inch  diameter,  with 
spherical  ends  of  the  same  diameter,  were  laid  parallel  to  each 
other,  at  the  distance  of  about  two  inches,  in  such  a  manner  as  , 
that  the  ends  pointed  in  opposite  directions,  and  were  six  or 
eight  inches  asunder.  These,  which  may  be  distinguished  by 
the  letters  P  and  M,  were  successively  electrified  as  the  balls 
were  in  the  last  paragraph.  When  one  conductor  P  was  posi- 
tive, fig.  5,  it  exhibited  the  spark  of  that  electricity  at  its  extre- 
mity, and  struck  the  side  of  the  other  conductor  M.  When  the 
last-mentioned  conductor  M  was  electrified  negatively,  fig.  4, 
the  former  being  in  its  turn  connected  with  the  earth,  the  sparks 
ceased  to  strike  as  before,  and  the  extremity  of  the  electrified 
conductor  M  exhibited  negative  signs,  and  struck  the  side  of  | 
the  other  conductor.  And  when  one  conductor  was  electrified 
plus  and  the  other  minus,  fig.  6,  both  signs  appeared  at  the  eama 
time,  and  continual  streams  of  electricity  passed  between  the 
extremities  of  each  conductor  to  the  side  oi  the  other  conductor 
opposed  to  it."  "The  effect  of  a  positive  surface  appears  to 
extend  further  than  that  of  a  negative." 

This  experiment  will  xeed  few  comments,  for  it  is  sufficiently 
evident  that  if  the  form  of  a  sptirk  or  its  direction,  is  to  detet- 
mine  the  existence  of  an  electric  fluid,  this  experiment  proves 
that  there  are  two.     Not  is  it  easy  for  an  unprejudiced  oraerver 

*  FhiLTnuii,Td.lxsix.pp.81fi-JtSA 
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to  ezplaia,  how  able,  intelligent  philosopbere  abould  be  so  speli- 
bound  by  an  hypothesis,  as,  in  defiance  of  the  plainest  observa- 
tions of  their  senses,  to  assume,  that  in  all  these  instances,  the 
electric  spark  was  just  the  same,  produced  by  one  and  the  same 
cause,  a  single  electric  fiuid,  passing  in  every  case  from  the 
plus,  or  positive,  to  the  minus,  or  negative  conductor. 

These  observations  on  M.  Van  Marum's  paper  wonld  be  here 
concluded,  but  there  is  another  part  of  it  relating  to  the  apparent 
r^ulaion  of  electrified  light  bodies,  containing  a  few  arguments 
BO  novel  and  original,  that  though  it  is  not  intended  generally  to 
enter  in  this  place  upon  the  subject  of  electrical  repulsion,  it  is 
difficult  to  avoid  taking  some  litUe  notice  of  them. 

M.  Van  Marum  first  assumes,  that  it  is  "  a  sound  truth,  and 
well  confirmed  by  experience,  that  no  electric  force  can  arise 
from  the  surface  of  a  Dody,  unless  this  latter  be  in  contact  with 
bodies  either  solid  or  fiuid  which  assume  a  contrary  force,  or  ba 
surrounded  by  such  bodies." 

To  be  sure  it  has  seemed  to  be  placed  among  the  elements  of 
electrical  science,  confinned  by  every  experiment,  that  when 
bodies  having  opposite  electricities  are  brought  into  contact,  the 
electricities,  unless  controlled  by  superior  attractions,  combine 
and  are  neutralised.  But  it  is  not  here  intended  to  controvert 
the  bases  of  the  reasoning,  but  to  notice  the  method  of  ai^ument 
founded  upon  those  bases. 

M.  Van  Marum  proceeds.  "  A  body  positively  electrified  and 
placed  in  the  air  is,  therefore,  conformably  to  this  law  surrounded 
with  an  atmosphere  of  contrary  electric  power ;  and  a  negatively 
electrified  body  is,  on  the  other  hand,  surrounded  by  a  positively 
electrified  atmosphere."  "  It  is  evident  that  every  electrified 
body  must  necessarily  be  placed  iti  the  midst  of  this  atmosphere 
of  an  opposite  electric  force,  the  contrary  being  impossible." 

Now  if  these  propositions  were  true,  it  is  quite  clear  that  an 
electrified  sphere  would  Ibrm  around  itself  a  spherical  electrified 
atmosphere  of  which  the  spheie  would  be  in  the  centre.  If, 
therefore,  two  similarly  electrified  pith  balls  were  suspended  in 
contact,  they  would  form  around  themselves  spherical  atmo- 
spheres having  an  opposite  electric  force  to  themselves,  fig.  7. 
The  pith-ball  A  would  be  surrounded  by  the  atmosphere  CD  EF, 
and  the  pith-ball  B  by  t'.ie  atmosphere  C  G  E  H.  It  is  evident 
that  the  centre  of  the  joint  atmospheres  would  be  at  the  jf>oint  of 
contact  of  A  and  B,  to  which,  therefore,  they  would  both  be 
attracted,  and  consequently  would  remain  at  rest.  But  these 
atmospheres  would  not  suit  M.  Van  Marum's  hypothesis,  nor  19 
it  consistent  with  the  facts  that  the  pith-balls  should  remain  at 
rest.  These  difficulties  are  most  ingeniously  overcome,  by 
M.  Van  Marum's  supposing  that  the  pith-balls  A  and  B,  fig.  8, 
diould  form  atmospheres  round  centres  C  and  D  at  a  distance, 
and  then  that  e^ch  atmpsphere  wonld  attract  its  pith-ball  to  that 
centre.    Why  the  balls  should  form  atmospheres  round  those 
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nantrt  before  lit&y  theoMelves  get  Aere,  ox  how  tfae^  -slioiildbe 
■ttncted  by  the  atnoc^ieres  beAire  those  tta>oB|JiereB  are 
figrmed,  M.  Van  M«rum  bus  aet  suggested,  nor  n  it  ea^  to 


It  ia  not,  faowsrer,  fair  to  comfitaiD  of  M.  Van  Manim*k  ssp- 
porting  one  ^pt^esis  b<^  another,  nor  do  I  perc^ve  tiiet  Ins 
'mm  hypotbesis  ia  nere  contrary  to  his  «wn  pr(^>ontions  than  the 
ft»iAlininn  hypothetis  IS  to  the  analogies  of  nature.  FranlSn 
•nppases  that  there  is  in  all  bodies  a  natural  quantity  of  ^ectric 
fluid,  which  cannot  be  perceived,  and  produces  no  e^cts  ;  and 
'  which  consequently  is  from  its  very  nature  incapt^le  of  any 
proof;  that  it  so  perfectly  combines  with  bodies  as  entirely  to 
iMe  iJl  its  properties,  yet  is  held  by  eo  slight  a  force  as  to  be 
-mnoved  hy  the  least  possible  attraction ;  as  in  tbe  communica- 
tion of  negatire  electricity.  Such  a  6uid  is  peifectly  anomalous, 
Jaairing,  therefore,  XJat  hypotbeeis  not  only  unsupported  by  &ct, 
but  even  by  analogy. 

But  it  may  be  said,  if  there  be  two  electric  fluids  which  on 
coinbination  neutralise  each  other,  what  becomes  of  that  com- 
pound? It  certainly  would  not  follow  that  if  no  answer  could  be 
given  to  the  question,  therefore  the  Franklinian  hypothesis  must 
be  cOTrect.  That  would  still  be  entirely  an  hypothesis,  and, 
thei«f(H«,  ought  at  once  to  be  rejected,  as  offering  the  wrong 
path  to  truth  :  nor  ought,  on  the  other  hand,  any  hypothesis  to 
'be  received  in  reply  to  such  a  question.  In  order,  however,  that 
we  may  net  be  misled  from  the  proper  answer,  it  may  be  well  to 
observe  that  it  ought  not  to  be  expected  that  the  compound 
-fluid  should  poHsess  the  same  properties  as  its  component  parts 
■any  KK>TK  than  water  does,  or  nitnc  acid.  Another  question  may 
'perhaps  lead  us  to  the  proper  answer.  Is  there  any  thing  always 
produced  by  the  combination  of  two  etectricitiea  1  If  there  be, 
we  are  hoaad  to  assume  that  the  produce  is  the  compound  of 
4)w  two  fluids.  Oxygen  and  hydrogen  combine,  and  the  caloric 
1>ein^  disengaged,  water  is  produced  ;  and  we  assume  that  water 
'is  a  compound  of  oxygen  and  hydrogen.  The  two  electric 
4uids  combine,  and  caloric  is  produced,  and  that  not  from  snv 
concussion  of  the  air,  for  it  is  produced  in  vacuo.  Why  then  « 
not  the  same  inductive  reasoning  to  be  admitted  in  ethereal  as  in 

Cseous  fluids  7  Why  should  we  not  admit  the  snegestion  whidi 
s  been  oflered,*  that  caloiic  is  a  compound  ot  the  two  elec- 
'Ari^ties?  1  remain,  Sir,  yours,  6cc.  C. 

*  Zh^  «  HMt,  Uf^t,  Md  £bstikt^,  bj  C  C.  BamjiMi. 
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SIR,  Ediaiargi,  Fd).  18, 1^1, 

The  Boyal  College  of  PhyBLcianB  of  Edinburgh  inpreu 
new  editions  of  their  Pharmacopceia. gladly  avau  theraseTvi. 
every  su^estion  tlu^  amy  enable  tjaam  to  render  tb«twork  t 

2ofUie  public  confidence;  and  I^ntert^iflnodoubttbatJun- 
r  they  will  contiaiie  to  be  tbank/ul-fgr  services  of  the  Uoe 
description  under  whatever  form  (hey  Bi^y  present  tbetsseUea. 

Well  acquainted  with  your  knowledge  ofcb«iiiistry  in  gendnd, 
and  your  attention  to  the  chemical  aopartment  of  PharoMCO- 
paeias  in  particular,  I  confidently  expected  that  the  cniitaatt 
.vhich  you  have  thought  it  worth  while  to  give  of  the  lait  editioo, 
even  after  a  lapse  m  nearly  four  yeas»  sioce  its  psblicatioa, 
would  have  afforded  much  useful  information  to  gutda  ub  in  pt«- 

Earing  a  future  one.  I  cannot,  howev^,  concsal  bow  greatly  I 
ave  been  .disappointed  in  thjs  re#pect.  As  your  lemarks  are 
&r  from  being  in  a  strain  of  appiopation,  wtd  w  the  chamicd 
department  had  in  a  great  measure  been  entrusted  to  ma,  I  fa«i 
tl^  I  owe  it  to  the  College,  over  wh^m  I  bftd  the  hcnonr  of 
presiding,  when  that  edition  came  forth,  to  maiaUin  their  cradit 
■in  regard  to  this  work,  which,  from  a  oertaia  d«gree  of  national 
authority  in  the  preparatiiDn  of  drugs  attached  to  it  in  Uus  patt  t£ 
the  empire,  ought  to  be  as  free  from  blemish,  and  stand  as  bi^ 
io  the  public  estimation,  as  possible. 

I  undertake  the  task  without  reluctance,  both  becMwe  I  conai- 
der  it  a  iduty  incumbent  upon  me,  a^id:  because,  if  1  do  not 
deceive  mys4f|  I  can  easily  make  it  appear  that  the  ttnctune 
vhich.ypu  bare  publielied  upon  its  formiUw  are  by  nosaeuw  wdl 
founded. 

Had  you  been  aware  that  the  late  adition  was  several  veafB 
fuder  revisal,  and  that  many  trials  were  made  of  the  difieraat 
processes  directed  in  the  most  esteemed  Pharmacopisias  ia 
AVTwe  with  the  viaw  of  ascertaining  their  comparaliTe  ments, 
Add  tnat  those  adopted  by  us  have  ia  general  bfWB  Btaay  timaa 
KpeiJ^d,  I  am  penuad^  tbat  the  tone  at  leatt  of  tJie  oritieiMB 
VouJd  hare  been  coasiderably  difierenit. 

Permit  me  to  observe  that  most  of  your  objections  to  tlw 
•fennulaaAj^y  io  Ui«  nlotive  quantitteB  of  UieouAenalsMKpHted, 
4b4  JWt  u^w  tb^w  qiHiofcities  deviatiog  fi«m  the  pcoptftioos  44 

«-  4mmk  <f.iininl|.  NaJ.  0lMflNte> 
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188  Dr.  Hope's  Jiemoribt  «•  Mr.  PMHipi's  Analytit  [Mabck, 
combination  stated  in  Dp.  WoUaaton'a  table  of  chemieBl  eqwiva- 
lents.  I  apppedeod,  however,  that  you  bave  made  aa  i^plicatioa 
of  this  beautiful  and  valuable  ctmtrir&nce  whieh  its  tery  inge- 
nious author  naver  contempjated,  and  could  not  now  Bftnctt<w ; 
for  tiougfa  t^i  table  dispkya  the  pK^rtiona  m  whi<;b  differeat 
wibatances  comtrine,  it  by  no  means  displiyB  the  lelatitre  quaa- 
tities  of  the  substanceB,  to  be  ■employed,  when  deoompoBitJoiw 
are  to  be  effected,  parttculariy  by  single  affinity.  It  has  been 
l«»g  known  to  chennsts  that  to  achieve  the  complete  decompo- 
Bition  of  any  quantity  of  a  compoFund,  an  excess  of  the  decom- 
posing material  is  either  absolutely  necessary,  or  very  useful,  by 
aoc^rating  the  operation. 

■_  Were  I  not  addressing  myself  to  a  person  thoroughly  versed 
m  the  science  of  chemistry,  it  would  be  ea«y  to  expktin  in  detail 
the  reason  of  the  circumstance ;  but  it  will  be  sufficient  to 
remark  that  this  excess  is  in  some  cases  indispensable  from  the 
disposition  of  the  decomposing  agent  to  form  a  super  or  bicom- 

Sound  with  the  ingredient  to  whicb  it  is  to  attach  itself,  as  in 
le  decomposition  of  nitrates  anj  muriates  of  alkalies  by  sulphn- 
.  lie  acid  to  be  immediately  brought  into  view ;  and  also  when  the 
substances  are  in  the  state  of  dry  powder,  in  order  that  each 
particle  of  the  compound  may  fulfy  and  freely  encounter  UiOK 
which  are  to  act  upon  it. 

The  reader  who  may  think  it  worth  bis  while  to  peruse  these 
observations  is  particularly  requested  to  direct  bis  attention  to 
your  cntique  commencing  in.  p.  68  of  the  first  number  of  Uie 
Annab  of  Philosophy,  and  to  read  in  succession  the  different 
articles  to  which  a  reply  is  now  to  be  given. 

Actdum  Aceticum  Forte  is  the  first  substance  of  which  you 
take  notice,  and  your  objection  to  the  formula  for  its  preparation 
IS,  that  the  quantities  of  the  salts  employed  are  not  such  as  are 
required  for  mutual  decomposition.  It  is  unquestionably  true 
that  the  sulphate  of  iron  contains  more  sulphuric  acid  than  is 
required  to  saturate  the  oxide  of  lead  in  the  acetate,  but  it  is  of 
advantage  to  employ  this  excess.  It  facilitates  greatly  the  dis- 
et^agement  of  the  acetic  acid,  and  renders  it  unnecessary  to 
raise  the  temperature  to  so  high  a  pitch  as  would  otherwise  be 
required,  by  which  means  the  empyreuma,  unavoidable  in  an 
elevated  temperature,  is  in  a  great  measure  prevented ;  hence  at 
the  tritiing  expence  of  an  additiona^  quantity  of  the  sulphate  of 
iron,  and  of  an  increased  size  of  utensil,  there  is  a  saving  of  time 
■Mid  of  fiiel,  and  a  vast  gain  in  the  quality  of  the  product.  The 
«bject  of  tills  process  is  to  obtain  a  very  strong  acid  capable  of 
dissolving  camphor  at  a  cheaper  rate  than  from  acetate  of 
oopper. 

Acidtim  Muriatitum. — Upon  the  preparation  of  this  substance 
you  remark,  that  "  Equal  quantities  of  sulphuric  acid  and  con*- 
mon  salt  are  directed  to  be  employed  in  the  preparation  of  this 
acid.    It  will  be  wen  by  Dr;^oIlB8toii't  scale  tbat  the  requisite 

UigniecibyGOOglC 


1821.].  ^.tie  EiHtAargk 

proportions  we  8*4  puts  of  ftoid  to  100  of  salt."  Jfotwithetaod- 
nig  your  remark,,  you ^sorely  oamot  suppose  tiwt  indirectrag 
tbese  relative,  quantities,  the  Ck>Uege .  could  be  ignorant  of  tlie 
proportion  of  the  ingredieute  of  muriate  of  iioda.  Permit  me  then 
to  remind  yoo,  th^the  numbers  in  the  scale  indicate  tbequati'^' 
tity  pf  subihiiria  acid  neCessaiy  to  saturate  a  given  quanaty  (tf 
lodft,  bufi  by  ao  imeana  tbe  quuttity  of  this  «oid  necetsary'ttv 
efiedt  the  decompontioii  of  tne  muriate  with  .the  greatest  sii(> 
ceas  and  coBv<^ience.  It  nuiet,  I  preaume,  for:the  moment  have 
escaped  your  recoUection  that  sulphuric,  acid  is  much  disposed 
to  form  a  supersulphate.of  spda,  aad  consequently  that  if-TK> 
more  acid  be  employed  than  is  barely,  eoffiueot  to  saturate  die 
quantity  of  soda  contaiued  in  .the  munatei  a  eonsiderable  portion 
of  thft  muriate  wiUreotain  uadecomposed:  " 

•  After  many  repetkions  of  the  process,  I  may  confidently  assert 
t^t  Uie  proportion B  assigned  in  the  PbarmacopcBia  afford  a 
larger  product  of  muriatic  acid  in  a  shorter  period  at  a  smdllef 
flxpenee  of  fuel  than  tboBe'whioh  yon  reDommend  as  the  requi- 

rite.  ■  ... 

.  Atidam  NUrotum.—l  suspect  that  we  caa  turn  to  little  ac- 
count the  remarks  whioh  you  have  made  Dnthe  process  for' 
jveparinc'thia  substance,  as  X  am  persuaded  from  ample  expe- 
rience that  they  are  not  correct  either  in  regard  to  the  quantity 
of  the  prodtictj  or  the. condition  of  the  acid  which  is  obtained. 
You  hft*e  thought  fit  to  condemn  the  proportions  directed  in  the " 
KiarmaicopceLa  a»  unproductive  and  injudicious  on  the  result  of 
a  solitary  trial,  which  you  state  in  the  foUoving  wohls:  "  Tpnt 
into  a  retort  24  parts  of  nitre  and.  16  of  aolphunc  acid,  and  ca^ 
lied  onthe  distillation  as  long  as  nitric  acid  was  produced.  The 
product  was  of  a  stfaw  colour,  evidentlyconteining  but  very 
httle.  nitrous  acid,  und  its  spedfic  gravity- was  1513  instead  of 
1620,  as  stated  in  the  Phannacopaeia.  It  weighed  1 1-5  parta^ 
whereas  24  parts  of  nitre  are  capable  of  yielding  17  parts  of  acid, 
providerd  sufficient  sulphuric  acid- is  employed' to  afford  water 
enoo^  to  condense  the  nitric  acid."  The  results  which  I  have 
bad  tmifonnly  for  niBAy<  years  are  extremely  dififerent.  The 
quantity  of  acid  amounts  to  15  parts;  it  possessesafull  orange- 
red  colour-;  and  its  specific  gravity,  never  less  than  1530,  occa- 
sionally (when  the  nitce  baa  hew  previously  weU  dried,  and  the 
si^phnrio  acid  boiled)  has  been  so  high  as  1540. 

i cannot  lefrajn.from  expECssing  tu^  surprise  otitbe foSowing 
pdragraph:  "1  have  already -observed' that  theaad'^ich' 1 
obtauiea  hasonly  a  stcaw  colour  instead  of  a'  red' Ante,  <ft3-  the 
College  seined  to. eKpect,' and. I  believe  that  >nhenever  this 'acid 
has  this  red  colour,  it  is  owing  to  the  presence  of  common  Btdt 
ioj  lbs  aitoe,'  the  chlorioe.  ofiwhich  partiidly  dei^mpose^  ^ 
mtiie.acid.".-  :■  \      <  -■    - 

Eveiy  chemist  knows,  that  nitric  acid  acquires  a  red  colour  by 
tbeactiouiif  muriatia  Jtoid  ^t<'i>f  tdtluJosM  you'by  inadteit' 
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MS-  Dr.Hope'iaemiHUomMr.PlUmp^tAital^  [MABtift^ 
enee  bete  ctaU),  Wltidi  cAttses  a  partiBl  d*00ifipo«M(M ;  but  it 
isdtogel^er  smiBtaLeto  Bii(qmM  thattbe  ndoMoorof  dMidd- 
got  bydeocBwomngnitreiRticMdBfniu  tUssonpoe.  HsBtifed* 
of  <^mat«,  1  presome,  w  well  as  njnwlf,  btve,  ^nee  tbe  dajw 
of  OlaobCr,  been  in  the  habk  of  eioploying  pDrifi«d  tatn,  and- 
hftve  obtaiseda  red  cotonred  aeid.  It-mmt  sat^harv maup^ 
yam  Bkemon  that  the  red  ootowed  flcid  is  tlM  spiritta  mtri' 
Jwmattt,  or  Gktuber'a  spirit  of  nitre,  the  only  form  of  the  conoen* 
tnted  acid  fanulkr  to  chemiMt  tiU  about  40  Year*  ftgo. 

In  the  commescement  of  the  distillation,  tne  acid  is  pale,  Md' 
ooBtinues  so  tiU  towards  the  does ;  then,  proTifileel  the  tett^rtf* 
tore  has  been  raised  to  the  due  pitch,  it  acquires  the  orffii|^ 
iisge  hy  a1l»orbtog  the  mddy  faBies  which  now  appear  accom^' 
panied  with  oxygen  gas  proceedings  from  the  partial  ddcompoei— 
tioD  of  part  of  the  acid. 

As  yon  state  that  yon  CEtimot  see  why  the  Edinburgh  Cdlegtt 
ahoola  em|4oy  the  particnlar  proportions  directed  by  them,  I 
bag  leave  to  muitiDn  the  reasons;  ftrst,  tbepreBcrihed  quantity' 
of  sulphuric  acid  is  required,  and  proves  sufficient  to  detach  tiuti- 
whole  of  the  iicid  from  the  nitre ;  secondly,  the  acid  thns  pro- 
duedia  of  j^reatstrei^th,  and  is  so  free  from  aulphuiic  acid,  as' 
to  tender  the  eeccmd  distillation  enjoined  by  the  London  GoNeg^ ; 
^together  unnecessary  for  ordinary  purposes. 

Acidum  Nilricitm. — The  criticiacn  of  tnis  article  appears  to  me 
to  be  incorrect  in  eveiy  point.  HaritH;  this  momeot  called  yottf 
attenUon  to  the  mistake  in  regard  to  we  colour  and  qiisntity  of 
the  acid,  I  need  not  recur  to  them.  Though  for  many  purposes 
the  nitric  and  nitrons  acida  may  be  used  indiscriminately,  yeC' 
jhere  are  some  where  they  eamot  with  propriety;  and  tlM- 
ofajeet  of  the  tbrm^  is,  to  t^rect  the  apothecary  how  he  caS., 
procura  a  colourless  acid ;  v^iile  at  the  same  time  he  obtains 
a  |K>Ftion  c^  the  add  in  it»  mopt  nittooa  condition.  I  prttsume  itf 
is'ftom  yowr  nerer  having  seen  (he  red  steid  got  by  oor  proced*' 
t£«t  you  hare  been  led  to  remark  that  th«  red  acid  when  dihit^i 
ia-<pte  pale ;.  whereas^  in  tiiith,  if  it  be  diluted  as  directed  hf 
tiM  PharmacopCBia,  it  is  of  a  rich  grei^n  colour.  By  f¥ee  expO^ 
«ae  indeed  to  the  txc,  this  colour  gradually,  bttt  rety  slow^^ 
t^^pean. 

You  bave  naaigned  a*  a  reason  for  preferring  the  |M-oeess  of 
the  London  College,  slumld  a  pale  acid  be  wanted,  tluit  it  afibrds'' 
it  by  one  operation,  while  that  of  the  Edinburgh  requires-  C#o. 
Alt  yon  h*r«  forgotten  that  the  London  l^iarmacop^Ja  cUtectA' 
a  aecoad  distillation  of  a  ftesh  quantity  of  nitre,  and  after  aK' 
does  not  prociu'e  a  cotoorlesa  acid. 

Aqtta  Pottasa. — You  object  to  our  process,  because  thrice  »t 
iMKih  lime  is  us^  as  the  tneorettcal  qsanti^ ;  add  becmse  ^ 
excess  occasions  waste  by  the  quantity  of  the  solution  retained.- 
E^terimentadly  I  have  found  by  many  trMd,  tfaAt  ^rs  excess  of 
liise  ftspiiTM  the  petaBM  mucft  cAoFe  cottii^tely  tff  ith  o«fboiii«- 
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•lidlbMka  smaUter  (jiiEaitil^y ;  tad  tbsi  tbeie  »  no  «wta  of  Am 
•oIutioQ,  provided  the  filtxation  be  practised  a»  tbe  Fhamaeo^ 
^oeia-dtreota ;  foi  by  the  s^ccewive  affusigos  of  water,  tb«  whole 
of  the  Bolutioa  ia  pushed  through  the  hme. 

Subcoritwai  jImvkwm. — You  allege  thai,  two  pait*  o£  carbon- 
ate ofhnie  are  ordered  wheaoiM  and  ahaifot^hi  to  be  fniffieieiri^ 
aod  that  th«  excesa  recwirw  the  use  of  lacgci  rsssels  and  nore 
&ing.  The  object  o£  tks  excess  ia  this  eate  is  to  tccare  A0 
decompositiiDifc  of  tb&  whole  of  the  muiiste,  and  sara  both  tioM 
aod  tueL 

Aqua  AmmatiuE. — ThisiaaBBbstaBcetbeptejfAiatiaiofiAich' 
liaa  Seen  ordered  ia  the  dillcceot  Pharnacopceiaa  in  a.  vatiflt^  of 
vtsfa.  ThoH^  you  pulieularly  copdcBM  ous  fioctms,  yM  I  an 
Detsuaded,  from  maoy  compar^ive  tri^,  that  it  meritB  the  pre<-< 
fscetiGe'.  Yoai  ficat  ohjeetioa  lie«  against  the  aiscess  9tiimte ;  buB 
uDqaeatiaaaUyy  iathis  inatauce,  it  is  pairtioulaily  ivs&i],  io'aeee" 
mtingthe  diaeo^^igemantQf  the  amroomv  ana  itadering  aleaw 
elpvatioD  of  teoperatwe  neeassary.  Yonalao  eomplaii  uat  the: 
pKgeno^  of  idle  o4&ia  on  mixing  and  iattoduaing  the  materials 
lata  the  retoit  causes  muchi  annoyajiee  to  the  operator.  Tho- 
odoui  ia  ua^HeHtioaably  pung^,  hub  if  the  ope«ati(Hi-be  adroitfy' 
naa^ad,  it  causea  no  aRooyance  of  the  aaiulsBt  consideoitioB*- 

When  the  (quantity  of  materials  ia  not  loq^,  the  nixtore  mwf 
be  made^  and  latrediiced  so-  speedily,  as  to  areit  every  mconve- 
ajcnce ;,  and  if  it  be  intended  tfaat  tJtie  charge  of  Aa  retort  shaR 
be  coDuderebter  it  will  require  so  ^at.  sagaei^  io  the  praotieaA  - 
cbeaust  to  diacovef,  that  Ite  can  mss  t^  articles  ia  as  small  ^oiv 
tioBft  aa  he  finds  convenient  and  intnxkice:  tbeoa  in  sseoeeuont 
Vhile  yon  give  a  pea&arenCe  to  th&  fonpula  o£  the  London  Col- 
ligq,  you  i^nut,  uiat  eatimatiog  1^  the  strenolii  <^  the  pvodoel 
merely,  that  of  Edinburgh  is  more  economical  in  1^  pn}portioii> 
oflS'tA  ID  ;  but  you  add,  "  aa^  however,  the  Edh^urgh  order 
tHhug&oiiaBti^  of  lime,  which  they  employ  with  the  muriate 
00  ammoma,  to  be  made  red-hoty  the  nttoit  generally  breaks; ' 
aod  aa  thin,  does  not  follow  as  a  matter  of  coorae  in  the  London- 
pficess,  I  coomder  it  to  be  really  most  economical."  Uod 
ladeed  the  Edinburgh  College  directed  the  U»e  and  the  nmriaite 
to  be  made  red-hot,  as  yon  have  here  inadvertently  stated,  til#' 
retort  would  almost  infaUibly  give  way,  and  the  balanGe  stroek' 
b^  you  might  tfacBi  be  a  fair  one ;  the  CoUege,  howeTsr,  have 
given  no  such  directions ;  the  words  are  "  tandem  sitppottatHt 
^museatim  augettdtu  donte  fundus  ollaferrea  rubacat  et  quam- 
«Kg(u  et  humor  prodierifit.  As  thua  the  heat  is  to  be  increased 
only  till  the  bottom  of  the  aand-pot  grows  red ;  and  as  the  retortf 
liu  alwiqw  a  qnaotity  of  aaod  interposed ;  and  further,  as  much  ' 
o(  the  heat  is  oairied  off  by  &e  gaa,  tiie  temperatnre  of  the  mizo 
hue  is,  in  every  stage  wry  far  distant  from  ^«  point  of  incHii'- 
descence ;  indeed  the  whole  amraoma  is  Asengaged  long  before  > 
^  tsB)p«ratw«  ooAld  be  9\vntad  to  that  pointy  and  the  Fbxt- 
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193  Dr.  Hope's  Remarh  on  Mr.  Phillips's  Arudym  [March, 
Bmcopcsia  directs  the  process  to  be  stopped  as  600Q  as  the  whote 
of  it  has  come  over. 

The  consequence  is,  that  the  retort  is  in  no  hazard  of  being: 
broken.  I  have  employed  the  same  retort  many  times ;  and  in 
fact  I  know  no  process  in  which  a  retort  is  less  likely  to  suffer 
than  the  one  now  under  coQsideratibn. 

You  have  also  said  that  having  tried  the  processes  of  the 
London  and  Edinbui^h  Colleges,  you  certainty  find  that  of  the 
London  more  easily  managed.  In  my  trials,  the  reverse  has 
been  the  case.  In  the  London  mode,  m  addition  to  the  trouble 
of  filtrating;,  much  more  attenlion  is  requisite  in  the  management 
of  the  distillation.  If  tJie  retort  and  receiver  be  closely  luted, 
which  is  oflien  done  to  prevent  the  escape  and  loss  of  ammonia, 
the  heat  must  be  regulated  with  the  utmost  care,  else  there  ie  a 
great  risk  of  bursting  the  vessels.  If  they  he  not  closely  joined, 
uie  loss  of  ammonia  is  considerable.  The  Edinburgh  process  is 
not  liable  to  inconvenience  from  either  of  these  sources,  and  the 
general  advanti^es  which  I  have  found  it  to  possess  are,  that  it 
IB  the  most  economical  both  in  regard  to  the  quantity  of  the  pro- 
duct, and  the  time  aad  fuel  required  to  obtain  it ;  and  that  it  is 
managed  with  less  trouble,  without  being  liable  to  the  chance  of 
having  the  retort  broken,  either  by  bursting,  or  by  any  other 
cause  peculiar  to  ^e  process. 

Tartras  Anlimomi. — The  name  given  to  tliis  substance  natu- 
rally first  excites  your  animadversion.  Had  you  happened  to 
look  at  the  prefece  to  the  Pharmacopoeia,  you  would  have  found 
the  reasons  assigned  by  the  College  for  deviating  occasionally 
irom  strict  nomenclature,  and  abbreviating  the  name  of  some 
compound  substances,  for  the  sake  of  convenience  in  prescrm- 
tion,  by  restricting  it  to  that  of  the  active  ingredient.  The 
Tartras  Antimonii  is  one  example. 

There  is  no  preparation  in  the  Pharmacopceia  for  which  so 
many  and  so  varied  formulas  have  been  proposed  as  the  tartras 
antimonii ;  and.  upon  this  article  I  shall  only  remark,  that  with 
the  aid  of  Dr.  Duncan,  jun.  Professor  of  the  Institutes  of  Medi- 
cine, all  the  processes,  lately  recommended  by  the  Colleges  of 
London  and  of  Dubhn,  and  by  yourself,  were  carefully  tried ; 
and  that  we  saw  no  reason  for  preferring  any  of  them  to  the  one 
in  our  former  edition. 

Carbonas  Ferri  Prdicipitatus. — As  1  have  not  lately  performed 
the  process  for  obtaining  this  substance  with  a  view  of  ascer- 
tainmg  the  proper  proportions,  I  shall  not  presume  to  assert  that 
in  this  instance  alsoyou  have  been  unfortunate  in  your  criticism. 
Atall  events,  the  difierence  between  the  quantity  of  subcarbonate 
of  soda,  ordered  by  the  Edinbni^h  College,  and  that  which  you 
commend,  is  so  inconsiderable,  that  it  may  easily  have  arisen 
from  the  different  condition  of  the  subcarbonate  employed  in 
regard  to  water  of  crj^stalltzation. 

Acetat  Hydrargyn. — You  profess  to  be  ignorant  why  tbt 
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College  orders  a  slight  excess  of  acid.  Allow  me,  therefore,  to 
ioforDi  you,  thai,  when  a  Bolutton  of  the  hitrate  of  mercury  with- 
out excess  is  poared  into  a  solution  of  the  acetate  of  potassa,  a 
turbidity  and  deposition  of  subnitmte  of  mercuty  coirimonTy 
take  place  ;  and  the  proper  product  is  injured,  unless  the  hqubr 
be  immediately  filtered  as  the  Dublin  College  directs.  Tlie  shgbt 
ewess  of  acid  completely  guards  ftgainat  this  occurrence. 

The  quantity  of  watefr  directed  by  ^e  Pharmacopceia  is  not, 
as  you  allege,  too  large ;  it  is  required  to  keep  the  acetate  of  ' 
mercury  in  solution  at  the  moment  of  its  formiition,  and  thus 
secures  its  perfect  crystallization. 

Muiias  Hydrargyri  Convsima.—Tbe  fault  which  you  have 
Etat£d  to  the  direction  for  this  substance  is  the  excess  of  the 
common  salt ;  but  yon  are  certainly  in  a  mistake  in  asserting 
that  it  is  totally  useless.  Here  I  am  persuaded  it  is  particularly 
leqtured  that  no  portion  of  the  sulphate  may  suffer  the  subliming 
traiperature  free  from  the  contact  of  muriate  of  soda. 
1  ^bmurias  Hydrargyri  Pracipitatui. — Since  you  admit  the 
I  aGsigned  proportions  of  acid  and  mercury  to  be  correct,  little 
comment  on  your  remark  is  required.  The  College,  bowever,  is 
not  inconsistent,  as  yoti  assert,  in  ordering  some  excess  of  nitric 
acid  for  the  acetate,  and  forbidding  it  for  this  preparation ; 
because  the  excess  is  advantageous  for  the  one,  and  prejudicial 
for,  the  other. 


Oxidum  Hydrargyri  Cinerewm,— As  you  have  already  acknow- 
ledged with  much  candour,  in  p.  144  of  No.  II.  of  the  New 
Senes  of  the  Annals,  that  you  had  committed  an  error  in  greatly 
OTerrating  the  quantity  of  earth  in  the  solution  of  lime,  and  have 
inconsequence  withdrawn  your  objection  to  the  formula  for  this 
substance,  it  is  unnecessary  for  me  to  say  any  thing  in  its 
defence. 

Oxidum  Hj/drargyri  Rubrum  per  Acidum  Nitricum. — If  the 
diluted  nitric  acid  nave  been  formed  from  the  strongest  acid, 
fou  are  perfectly  correct  iti  saying  that  it  will  dissolve  an  equal 
weight  01  mercury,  and  in  that  case  more  acid  is  ordered  by  the 
Edinburgh  College  than  is  necessary  for  preparing  this  substance. 
But  if  the  best  acid  usually  met  with  in  apothecaries'  shops  be 
employed,  in  consequence  of  its  inferior  strength,  the  proportion 
assigned  in  the  Pharmacopceia  wilt  be  found  most  suitable. 

Acetas  Plumbi. — In  the  formula  for  this  substance  I  acknow- 
ledge that  you  have  detected  an  oversight  on  the  part  of  the 
College.  I  trust,  however,  it  is  a  very  venial  one,  as  it  consists 
mere^  in  employing  the  older  instead  of  the  new  name  for  the 
oiide  of  lead  used  in  this  preparation. 

1  have  now  gone  through  the  different  articles  of  your  criticism, 
and  with  the  exception  of  the  trivial  oversight  in  nomenclature 
now  admitted,  I  trust  that  every  chemist  who  shall  peruse  these 
remarks  will  be  satisfied  that  none  of  your  objections  are  well 
founded.     I  am  very  ftir  from  thinking  that  our  Pharmacopceia 
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is  free  from  blemish,  though  I  am  convinced  that  the  College 
took  great  pains  to  render  it  so.  To  them  it  must  be  satisUc- 
tory  and  gratifying  diat  after  so  long  and  deliberate  a  considera- 
tion of  its  merits,  you  have  not  discovered  in  the  department 
which  hus  excited  your  attention  any  real  imperfection.  1 
earnestly  beg  that  you  will  take  the  trouble  of  repeating  those 
processes,  of  which  you  have  expressed  your  disapprobation, 
and  faithfully  observe  the  directions  of  our  Phaimacopceia,  vrheii 
I  am  fully  persuaded  you  will  be  convinced  that  your  strictures 
have  been  misapplied. 

Though  in  repelling  your  attack,  I  have  been  under  the  neces- 
sity of  pointing  out  numerous  mistakes  into  which  you  hare 
fallen,  yet  I  entertain  that  opinion  of  your  candour  and  justice, 
as  to  leave  me  no  doubt  of  your  giving  a  place  to  this  letter  in 
the  next  number  of  the  AiauiU  of  Philosophy.  An  opportunity 
will  thus  be  afforded  to  those  who  have  read  your  analysis  of 
.  jMeing  also  the  reply  to  it.  I  have  the  honour  to  be,  Sir, 
Your- very  obedient  servant, 

Thomas  Charles  Hope. 


An  Expertmerdal  Inquiry  in  the  Chemical  Properties  and  Beam- 
ndcai  and  Medicind  Virtues  of  the  Humulns  Lupultu,  "t  ; 
Common  Hop.*    By  Ansel  W.  Ives,  MD.  of  New  York.  | 

The  hop  is  a  hardy  perennial  plant,  which  grows  spontane-  ! 
ously  in  the  northern  parts  of  Europe  and  America.f  It  helongs  , 
to  toe  class  Dicecia,  and  order  Pentandriit,  of  Linnsus.    Tee 

Elant  which  bears  the  male  flowers  is  not  cultivated,  and  is  cil- 
id  the  imld  Itop,^  The  common  domestic  hop,  which  is  the 
-  fcmale  plant,  is  now  to  be  the  subject  of  investigation.  !•* 
generEd  character  is  too  well  and  too  universally  known  to  need 
description.  The  hop  ^  has  been  regarded  from  time  immemo- 
rial as  an  indispensable  ingredi^t  in  malt  Kquors.  It  was  intio- 
ducedand  cultivated  for  that  purpose  in  England  about  the  year 
?549,  and  has  since  been  used  so  extensively  in  that  coontiy 
•nd  in  many  otbeFs,  as  to  have  become  an  important  article  <J' 
commerce.     It  has  long  been  known  also  to  possess  some  vvtse 

"  Tmn  an  American  Scientific  JooniBl. 

■*■  !%■(  Oic  Humuhu  is  ■  natlTa  of  America  haa  b««l  eaoAnaad  1^  tka  «tKna^ 
■CBIicbgwiK,  MalUll,  £atoa,  Torres,  and  othna. 

t  A  very  accurate  dtawii^  and  niinuu  diuection  (rf  the  niale  and  female  hcp^i" 
mar  l>e  found  in  '*  LAiimch's  Bncydopedia,*"  pan  S9,  plate  8 1 5. 

4  'W^tenbve  gtataltf  u*ed  the  lam  bop^^t  to  diMiBgukk  tb>  vhclD  W|»a*i 
and  the  Aop  to  deaigiuite  Ibat  part  of  ic  DHd  in  bKwing. 
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as  a  medicine,  and  a  general  description  of  its  character  and  pro- 
perties is  recorded  in  most  Htarmacopceias. 

Not  having  seen  any  accurate  aoalysis  of  this  article,  and 
considering  it  important  that  the  physician  should  know  in  whst 
part  ofthe  plant  its  medicinal  virtue  resides,  1  commenced  some 
experiments  with  a  view  to  ascertain  this  object.  The  facts 
which  were  developed  in  the  progress  of  the  investigation  were 
t«  me  novel  and  unexpected;  and  the  results  to  which  they 
obviously  led  altogether  different  from  what  I  had  anticipated. 
The  medicinal  character  of  the  hop  was,  therefore,  now  regarded 
as  a  subject  of  minor  importance  ;  for  however  desirable  might 
"be  the  merit  of  introducing  to  general  use  a  new  and  eli^ble 
form  of  medicine,  that  consideration  would  excite  comparativrfy 
but  little  solicitude,  while  there  existed  a  hope  of  enecting  an 
improvement  in  domestic  economy,  which  would  be  matenally 
interesting  to  a  great  portion  ofthe  civilized  world. 

A  quantity  of  hops  was  procured  which  had  been  kept  for 
domestic  purposes  in  a  small  bag  for  three  years.  When  they 
were  taken  from  the  bag,  there  remained  about  two  ounces  of  an 
impalpable  yellow  powder,  which,  by  sifting,  was  rendered  p^- 
fectiy  pure.  This  substance  has  probably  been  observed  by  most 
persons  acquainted  vrith  the  hop,  and  I  suspect  has  generally  been 
mistaken  for  pollen,  bnt  it  is  peculiar  to  tne  female  plant,  and  is 
probably  secreted  by  the  nectaria.  It  seems  to  have  been  more 
correctly  appreciated  by  those  accustomed  to  the  domestic  use 
of  hops,  than  by  many  others,  professing  a  more  scientific  know- 
ledge of  their  culture,  properties,  and  use.  I  have  not  been  able 
tofind  any  notice  of  this  powder  ia  books,  and  know  not  that  it 
has  been  designated  by  any  appropriate  term.  In  the  following 
inquiry,  therefore,  it  will  be  called  Lupulin. 

Exp.  1. — One  dram  of  lupulin  was  boiled  with  two  ouiieea  of 
water,  in  a  small  retort,  till  a  third  part  of  the  water  had  passed 
over  into  a  receiver.  The  fluid  that  came  over  indicated  slightly 
the  peculiar  aromatic  flavour  of  the  hop  ;  it  was  perfectly  trans- 
parent, very  little  discoloured,  and  exhibited  no  appearance  of  a 
volatile  oil.  The  water  remaining  in  the  retort  was  aromatic  and 
bitter.  When  filtered  and  evaporated,  it  yielded  10  grs.  of  a  pale 
yellow  extract,  intensely  bitter,  and  possessing  in  a  nigh  degree 
the  peculiar  aromatic  taste  ofthe  hop. 

Exp,  2. — Two  ounces  of  the  best  merchantable  hops  were 
&tilied  in  a  retort  vrith  six  ounces  of  water  till  half  ofthe  fluid 
had  passed  over  into  a  receiver  of  water.  The  water  in  the 
receiver  was  slightly  impregnated  with  the  odour  ofthe  h(^,  bat 
there  were  no  appearances  of  volatile  oil. 

Eip.  3. — Two  drams  of  lupulin  were  boiled  in  a  retort  with 
three  ounces  of  alcohol.  The  alcohol  came  over  strongly  impreg- 
Bated  with  the  aroma  o£  the  lupulin  ;  but  there  was  no  Tisilne 
B^catioD  of  an  essential  oil.  The  remuning  alcohol  had 
MBumed  a  brilliant  yellow  colour,  and  a  pleasant  but  iotenady 
n2 
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bitter  taste  ;  when  filtered  and  evaporated,  it  yielded  one  .dram  ' 
of  extract,  of  the  consisteoce  of  soft  wax.*  i 

JExp.  4. — A  saturated  decoction  of  the  lupuhn  was  prepared  ! 
with  pure  water.  It  was  opaque,  and  of  a  pale  yellow  colour.  | 
By  adding  to  a  portion  of  it  a  solution  of  the  sulphate  of  iron,  i 
the  colour  was  cnanged  to  a  deep  purple,  approaching  to  black;  j 
a  solution  of  animal  gelatine  threw  down  a  copious  ash-coloured  I 
precipitate,  which  kit  the  superpatant  liquor  transparent  and  ■ 
clear.  This  liquor  was  now  decanted  ;'by  adding  to  it  a  solution  i 
of  iron,  it  was  changed  to  a  pale  blue  ,  Uie  acetate  and  subace>  | 
tate  of  lead  caused  a  copious  curdy  yellow  precipitate;  the  i 
nitrate  of  silver,  a  greenish  nocculent  precipitate ;  muriate  of  liu,  ! 
when  first  added,  produced  no  change,  but  after  standiii^g  ashort  i 
time,  a  brown  precipitate ;  a  solution  of  sulphate  of  alumine  I 
caused  no  immediate  change,  but  by  boiling  with  the  decoction, 
it  separated  a  dense  precipitate.  Silicated  potash,  alcohol,  and 
vegetable  blue,  induced  no  change. 

£jp.  5. — ^Two  drams  of  lupuhn  in  four  ounces  of  water  were 
digested  six  hours  in  a  sand-bath.  The  infusion  yielded  by  eva- 
poration six  grains  of  aromatic  and  bitter  extract.  Two  ounces 
of  proof  spirit  were  added  to  the  same  lupulin,  and  subjected  to 
a  moderate  heat  1'2  hours  ;  when  filtered  and  evaporated,  there 
remained  six  grains  of  a  resinous  extract.  The  same  lupulin  was 
digested  30  minutes  in  boiling  alcohol,  from  which  was  obtained 
by  evaporation  62  grs,  of  extract.  The  extract  obtained  hy  the 
second  process  was  soluble  in  pure  alcohol,  and  when  water  nas 
added  to  the  solution,  it  became  turbid  and  milky. 

Exp.  6. — ^The  lupulin  used  in  the  last  experiment  was  boiled 
in  strong  caustic  ammonia.  When  filtered  and  supersaturated 
with  distilled  vinegar,  a  copious  precipitate  ensued,  which  was 
Insoluble  in  alcohol,  and  possessed  the  sensible  properties  of  an 
impure  wax.  The  last  three  experiments  show  pretty  satisfacto- 
rily that  the  most  important  proximate  principles  of  the  lupulin 
are  resin,  wax,  tannin,  gallic  acid,  a  bitter  principle,  and  an 
extractive  matter.  The  following  experiments  were  instituted 
ibr  the  purpose  of  ascertaining  more  accurately  their  respective 
proportions  as  well  as  the  aggregate  amount  of  soluble  matter  in 
a  given  quantity  of  lupuhn. 

Exp.  7. — Two  drams  of  lupulin  were  infused  five  hours  in  boit 
ing  water.  To  the  filtrated  infusion  were  added,  at  intervals, 
five  grains  of  animal  gelatin  in  solution,  when  it  ceased  to  pro- 
■duce  any  precipitate,  and  the  supernatant  liquor  became  trans- 
parent and  clear.  The  sediment,  when  dry,  weighed  10  grains. 
An  ounce  of  alcohol  was  added  to  the  filtered  solution,  but  it 

■  These  ezpetinients,  with  some  varutian,  were  fTequenlljr  repetui,  witb  the  Tin 
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caused  no  change  ;  by  evaporation,  it  yielded  15  gre.  of  a  veiy 
bitter  extract.  The  same  lupulin  was  digested  again  in  boiling 
water — animal  gelatin  addecT  to  the  filtered  solution,  induced  no 
precipitate ;  by  evaporation,  an  additional  quantity  of  six  gre. 
of  the  wateiy  extract  was  obtained. 

Exp.  8. — The  extract  obtained  in  the  last  experiment,  was  put 
into  pure  alcohol,  and  frequently  agitated.  After  24  houre  it 
was  filtered  ;  10  grs.  had  been  redissolved  by  the  alcohol,  and 
an  insoluble  mass,  weighing  1 1  grs .  was  left  upon  the  filter. 

Exp.  9. — ITie  same  lupulin  which  was  used  in  the  seventh 
experiment  was  now  digested  in  alcohol.  The  infusion  waa. 
highly  bitter,  and  of  a  fine  yellow  colour ;  it  gave  by  evaporation 
24  grs,  of  resin.  By  digesting  in  a  second  portion  of  alcohol,  12 
grs,  more  of  resin  were  obtained,  less  bitter,  but  otherwise  like 
the  last. 

Exp.  10.— The  lupulin  which  waa  the  subject  of  the  last  expe- 
riment, after  having  been  thus  boiled  in  water,  and  digested  ia 
alcohol,  was  put  into  a  small  retort,  and  boiled  in  two  ounces  of 
ether.  While  boiling,  it  was  filtered  into  a  vessel  containing  cold 
water,  by  which  means  12  grs.  of  wax  were  obtained,* 

Exp.  11. — Half  an  ounce  oflupulin  was  boiled  successively  in 
water,  alcohol,  and  ether.  On  weighing  the  insoluble  residuum, 
it  was  found  that  five-eighths  of  the  whole  had  been  taVen  up  by 
the  solvents. 

From  the  foregoing  experiments,  all  of  which  were,  with  some 
variation,  frequently  repeated,  I  infer,  that  the  lupulin  contains 
a  very  subtle  aroma,  which  is  yielded  to  water  and  to  alcohol, 
and  which  is  rapidly  dissipated  by  a  high  heat ;  that  no  essen- 
tial oil  can  be  detected  by  distillation  in  any  portion  of  the  hop  ; 
that  the  lupulin  contains  an  extractive  matter,  which  is*  soluble 
only  in  water;  that  it  contains  tannin,  galiic  acid,  and  a  bitter 
principle,  which  are  soluble  in  water  and  in  alcohol ;  that  it  con- 
taios  resin,  which  is  dissolved  by  alcohol  and  by  ether,  and  was, 
which  is  soluble  only  in  alkalies  and  in  boiling  ether ;  that  it 
contains  neither  mucilage,  gum,  nor  gum-resin ;  tnat  the  aromatic 
*nd  bitter  properties  of  the  lupulin  are  more  readily  and  com- 
pletely imbibed  by  alcohol  than  by  water,  and  much  sooner  by 
both  when  they  are  hot  than  when  they  are  cold ;  that  about 
five-eighths  of  the  whole  substance  is  soluble  in  water,  alcohol, 
and  ether,  there  being  about  three-eighths  of  it  vegetable  fibrous 
matter.     These  proximate  principles  exist  in  very   nearly  the 

•  The  luual  method  of  separating  was  from  vegeUbles,  by  boiling  them  in  cauitic 
•wnmnia,  and  then  Bupewaturaling  the  iltali  wifl  TUiegw,  or  with  diluted  aulphuric 
»od,  t» tedious,  sBd  the  results  uns»tisf«clor7.  ThefoUowingia  a  much  more  e»sjr  wid 
bewilifij  jnncesa.  After  digesting  the  'subatsnce  in  bdling  water  and  cold  alcohol,  let  it 
ie  bdled  m  ether,  and  the  scJution  Btndned,  wlJl*  boiling,  into  cold  water.  The  wai. 
rtidi  ia  held  in  solu^on  by  boiling  ether,  is  thrown  down  na  soon  ea  <he  ether  is  cwled 
by  the  water,  and  its  spedfie  gravily  bring  greater  that)  that  of  ether,  and  lew  than  that 
<*  water,  it  forma  a  beautifiil  partJdon  between  them.  If  the  ether  be  tufffcrtd  to  empo- 
»t*,llie  WBi  may  be  taken  ftom  the  water  entire.  ..     .  i 
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foHowipg  proportions ;— In  two  drams  (or  120  grains)  of  lupulin, 
tliere  ia: 

Tannin 5 

Extractive  matter 10 

Bitter  principle 11 

Wax... 12 

Resin 36 

A  WQody  fibrous  substance,  or  lignio ....  46 

Exp.  12. — Two  drams  of  the  leaves,*  from  which  aJl  die 
lupulin  had  been  separated,  were  digested  12  hours  in  six  ounces 
of  boihng  water.  The  infusion  was  bitter,  and  exceetlingly 
VDpleasant  to  the  taste;  it  possessed  none  of  the  aromatic  flavour 
and  peculiar  bitter  of  the  lupuhn.  When  filtered  and  evaporated, 
it  yielded  five  grains  of  nauseous  extract.  The  same  leaves 
were  again  digested  in  six  ounces  of  proof  spirit :  after  12  hours, 
ijie  infusion  was  filtrated,  and,'  by  evaporation,  yielded  five  grs. 
of  extract,  similar  to  the  last  Tlie  same  leaves  were  digested 
24  hours  in  alcohol ;  the  infusions  manifested  none  of  the  senst* 
ble  properties  of  the  hop  ;  it  gave  by  evaporation  four  grains  of 
extract.  The  taste  of  none  of  the  extractive  matter  obtained 
ftom  the  leaves  was  sufficiently  characteristic  of  the  hop  to  desig- 
nate that  it  was  obtained  from  that  article. f 

From  this  and  other  similar  experiments  leading  to  the  same 
results,  1  think  it  is  conclusively  proved,  that  the  virtue  of  the 
hop  resides  exclusively  in  the  lupuhn ;  that  the  leaves  contain  a 
nauseous  extractive  matter,  which  is  imparted  to  water  and  to 
alcohol,  and  which,  instead  of  adding  to  the  bitter  and  aromatic 
flavour  of  the  lupulin,  partially  neutralizes  or  destroys  it. 

The  obvious  inference  from  these  results  was,  that  the  lupulin 
was  the  only  part  of  the  hop  essential  to  economical  purposes; 
an  inference  so  little  anticipated,  that  it  became  an  important 
subject  of  inquiry,  whether  that  part  of  the  plant  was  duly  esti- 
mated by  practical  brewers — whether  it  had  been  regarded  by 
authors  as  preferable  to  the  leaves,  and  if  so,  what  impediment 
or  what  consideration  prevented  its  being  separated  from  the 
chaff. 

On  making  inquiry  of  a  number  of  brewers  in  this  city,  it  was 
ascertained  that  there  was  about  one  in  three  who  considered 
this  powder  useful,  in  common  with  other  parts  of  the  plant.  It 
was  known  to  all  that  hops  were  used  princip^ly  for  their  anti- 
septic powers,  or  to  preserve  the  beer  from  acetous  fermentatiOD; 
but  neither  practical  brewers,  nor  scientific  writers  on  brewing. 

■  ItwiUheuoderaWodtbat  byAa  fedvei ue  meaDC tbe  «^«et  vtuch  lixni. tb*  floseit 
4V  Ihu  put  at  ^e  hop  cmumanly  used  in  hrewiBg. 

t  It  ia  necauaiy  u>  remark  ibat  great  care  ww  takeo  lo  procun  the  leaTOi  fbr  ihit 
vpauDMil  peHlccd/  free  bom  the  lupulin,  vhkh  is  ordinaiily  attKbed  to  them  ui.gFC*^ 
■JMindanct.     Tbia  cannot  be  done  b;  threabisg  tboB, 
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appear  to  have  noticed  this  substance  particularly.  By  some  of 
~  the  former,  it  is  regarded  as  naeless.  When  at  one  brewery  I' 
aeked  for  some  of  the  yetknr  powder  tliat  wrs  found  at  the  bot- 
tom of  the  hop  bags ;  I  was  told  that  I  could  find  but  little  theW* 
38  but  a  few  mys  i^o  they  bad  swept  balfa  bushel  of  it  fron  the 
store, 

I  was  nerw  resolred  to  ascertain,  if  posaible,  the  proportion  <tf 
Ivptdin  in  the  merchantable  hop,  and  ako  whetb«:  it  could  b4 
completely  and  readily  separated  from  the  leaves.  Accordingly 
six  pounds  of  preaaed  hops  were  taken  from  the  centre  of  a  ha^, 
.  containieg  some  himdred  ponnds,  and  exposed  to  heat  till  per^ 
fecUydry,  They  were  then  put  into  a  ligiitbag,  and  by  thresh-' 
i^,  FBTOKig,  and  sifting,  14  ounces  of  the  pare  po'Wder  wei^ 
~  ee^rated  in  a  short  time,  and  with  very  little  labour. 

Though  the  quantity  thus  obtained  was  surprisingly  greaty 
~  there  was  obviously  a  considerable  proportion  remaioing  whitih 
.  coi^d  not  easily  be  separated  from  the  chaff.  If,  therefore,  the 
!  hofffi  were  gathered  when  the  lupuliri  existed  in  the  greatest 
I  abundance,  and,  instead  of  being  pressed  Mid  packed,  W«r« 
I  exposed  to  the  sun  till  perfectly  dry,  there  is  tittle  dosbt  but  SFK 
'  pounds  would  yield  a  pound  of  the  powder  in  qsestion.* 

The  foregoing  experiments  were  not  comjdeted  till  late  ia  tiie 

r'ng,  when  the  best  season  fcr  brewing  was  passed,  but  with 
advice,  and  by  the  direction  of  Robert  BameB,  Esq.  (aa 
experienced  and  scientific  br«wer,  zealous  for  the  improvement 

,  of  his  art)  two  barrels  of  beer  were  made  in  which  nme  ounce*' 
of  the  lupojin  vi^/re  subatibited  for  five  potmds  (the  ordinary 

,  quantity)  of  hops.     The  result  con6rmed  the  moat  sanguine 

j  expectation.  Though  the  quantity  of  lupulin  was  less  than  what 
(.according  to  the  foregoing  statement)  usually  enters  into  the 

,  same  quantity  of  worl  ;>  and  though  the  weather  during  th« 
moath  of  June  was  unusually  warm,  and,  therefore,  unfevourable 
to  its  preservation,  still  the  beer,  which  is  now  five  weeks  old, 
is  very  fine.  It  is  pleasantly  aromatic  and  bitter,  And  in  a  per- 
fect state  of  preservation. 

To  aacertam  the  preservative  property  of  theluputin  hya  more 
^rect  experiment,  equal  quantities  of  the  beer  were  put  into 
separate  vials  and  exposed,  unstopped  to  the  sun.  To  th,*  beer 
in  oue  visl  was  added  a  scruple  of  lupulin.  The  beer,  to  which 
none  was  added,  became  mouldy  and  sour  in  10  days  ;  the  other 
*ai  unchanged  at  the  expiration  of  1 5  days. 

Having,  as  I  conceive,  demonstrated  that  tlie  lupulin 
done  contains  the  bitter  principle  and  the  aromatic  flavour  ot 
fte  hop,  which  are  essential  to  the  excellence  and  preservatiDii' 
°f  malt  liquor,  and  having  shown  also  the  feasibility  of  separating' 
It  from  tiie  leaves  to  which  it  is  attached;   I  shall  proceed  to- 

*  Nothing  oHijectnnl  would  ben  h>Te  been  introduced,  bnt  with  ■  vi 
^"^UHdj  «  poanble,  dM  pcoponiati  of  It^aHn,  duNtb*  MpinttqiiMni^ 
"•"'ititiiiiilillii  ■iiliililiiliil  nil  llii  Tiiiw  iiriiiifiiilmiwlBgi 
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enumerate  some  of  the  most  obvious  benefits  which  would  result 
from  theBe  facts  should  they  be  found  applicable  to  practical 
use. 

1.  It  would  dimiBiBh  the  expenses  of  transportation.  In  this 
the  saving  would  be  enormous.  The  hops  which  are  now 
brought  to  this  city  are  cultivated  in  the  eastern  states,  and  in 
the  western  parts  of  this  state,  and  the  expense  of  transportation 
is  from  one  to  two  cents  a.  pound.  This  is  on  account  of  their 
bulk  rather  than  their  weight.  Were  the  lupulin  separated  from 
the  leaves,  it  being  but  about  the  sixth  part  in  weight,  and  not 
one-twentieth  in  bulk,  it  might  be  compressed  into  casks,  and 
thus  transported  with  convenience  and  at  a  small  expense.  In 
shoit,  the  difference  would  not  be  less  than  that  of  sending 
wheat  to  market  before  and  after  threshidg.'  Might  it  not  abo, 
forthe  same  reason,  become  a  profitable  article  of  export  1 

2.  It  would  lessen  the  difficulty  and  expense  of  storage.  Not* 
withstanding  the  present  mode  of  pressing  hops  into  bags  (which 
is  done  not  less  to  diminish  their  bulk  than  to  preserve  their 
virtue)  their  storage  is,  as  it.  ever  has  been,  an  important  item  of 
expense,  as  well  as  a  very  great  burden  to  the  brewer. 

3.  One  object  in  pressing  the  hop  into  bags  is,  to  preserve  it 
from  the  injury  of  the  air,  a  long  exposure  to  which,  it  is  siiid, 
partially  destroys  its  virtu^.  Whatever  may  be  the  cause,  it  is 
well  known  that  the  value  of  hops  is  dimir.ishecl  by  age.  This 
could  not  result  to  the  lupulin  any  more  than  to  our  imported 
teas,  were  it  packed  in  casks  which  would  secure  it  perfectly 
from  the  air. 

,  4,  The  brewer  would  evade  an  enormous  loss  which  he  now 
sustains  in  the  wort  absorbed  by  the  hops.  Dr.  Shannon,  who 
has  perhaps  devoted  more  time  and  talent  to  the  subject  of 
brewing  than  any  other  English  author,  has  demonstrated,  by  a 
senes  of  experiments,  that  one  barrel  of  wort  is  absorbed  by 
every  60  pounds  of  hops  in  the  ordinary  process  of  brewing.* 
The  quantity  of  beer  manufactured  annually  in  London  is 
upwards  of  1,500,000  barrels,+  and  the  least  quantity  of  hops 
used  in  making  it  is  two  and  a  half  pounds  to  the  barrel,  or 
3,750,000  pounds ;  now  as  a  barrel  of  wort  contains  not  less 
than  three  oushels  of  malt,  it  follows  that  the  quantity  of  malt 
thus  annually  lost  by  absorption  is  1 87 ,600  bushels — the  price  of 
which  may  be  fairly  estimated  at  as  many  dollars. 

6.  It  will  lessen  the  temptation  to  the  fraudulent  practice 
which  now  prevails  of  adulterating  beer  with  other  vegetable 
bitters.  Notwithstanding  the  prohibitions  of  parliament  mere  is 
no  article  which  is  the  subject  of  such  vaned  and  exteoBire 
^ud  in  England  at  the  present  day  as  that  of  beer.  As  a  sub- 
stitute for  the  hop,J  the  cocculus  indicus,  quassia  and  wormwood 

■  Vide,  Dr.  SbaimoD'a  Tieitiie  on  Brewuig. 

i  EdinbaT(^  EncTclopedia,  toI.  ii. 
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have  all  in  turn  been  used  ;  but  all  of  them  are  so  &r  inferior, 
both  in  their  Savour  and  in  their  antiseptic  or  preservative  pro-: 
perties,  that  the  use  of  all  vege'ables  in  the  manufacturing  of 
beer,  excepting  malt  and  hops,  is  by  law  forbidden.  By  the 
improvement  which  is  now  proposed,  so  great  would  be  the 
dimiautioR  in  the  price  of  the  nop,  from  its  being  made  an 
article  of  easy  and  cheap  transportation,  that  there  would  be  little 
inducement  for  using  any  other  article  in  its  stead. 

6.  The  lupulin  is  exceedingly  bitter,  but  not  unpleasant, 
whereas  the  nauseous  extractive  matter  of  the  leaves  which,  .by. 
boiling,  is  imparted  to  the  beer,  is  unpleasant  to  the  taste,  ana, 
when  highly  concentrated,  is  frequently  ungrateful  to  the  sto- 
mach. It  is  believed  that  few  persons  ever  relished  the  peculiar 
bitter  of  the  strong  beer,  until,  by  drinking  it  habitually,  their 
taste  becomes  vitiated,  as  is  the  case  in  the  use  of  opium  and 
tobacco.  Soon  after  hops  were  introduced  into  use  in  brew- 
ing ill  England,  the  citizens  of  London  petitioned  parliament  to 
forbid  their  use  in  the  kingdom,  as  they  were  a  nuisance, 
"  and  spoiled  the  taste  of  their  drink."  The  leaves  then  are  not 
only  useless,  but  prejudicial  to  the  flavour  of  beer. 

On  the  virtues  of  this  substance  as  a  medicine,  I  shall  at  pre- 
sent be  very  brief,  as  it  will  probably  be  made  a  subject  for 
future  consideration.  It  has  already  been  observed  that  the  hop 
has  long  been  regarded  asamedicine  ofsohie  value.  In  France 
it  has  been  used  as  a  tonic,  and  prescribed  in  dyspepsia  and 
scrofula.  In  this  country  it  has  been  most  valued  for  its  narco- 
tic powers,  and  used  in  cases  when  opium  was  inadmissible. 
The  most  common  preparation  is  a  saturated  tincture  of  the 
leaves.  To  this  there  are  two  important  objections  :  1 .  To  give 
enough  of  the  tincture  of  the  leaves  to  induce  sleep,  the  quantity 
of  alcohol  is  necessarily  so  great  as  sometimes  to  do  injury  to 
the  patient.  2.  When  given  in  lai^e  doses,  it  frequently  produces 
nausea,  and  sometimes  vomiting.  The  first  of  these  objections 
requires  no  proof;  the  second  is  confirmed  by  my  own  observa- 
tion, and  by  the  experiments  of  Dr.  Bryorley,  in  his  inaugural 
dissertation  on  the  hop.  This  last  effect  is  probably  owing  to  the 
extractive  matter  in  the  leaves,  for  I  have  never  seen  it  produced 
by  the  lupulin.  I  have  prescribed  the  powder  in  substance,  the 
infusion,  decoction,  alcoholic  tincture,  and  the  extract.  As  ita 
aromatic  and  bitter  properties  are  imparted  to  water,  the  infusion 
is  an  ehgible  preparation  as  a  tonic  and  stomachic  ;  but  if  given 
with  a  desire  to  produce  sleep,  the  tincture  is  the  best  prepara- 
tion. As  it  has  been  demonstrated,  both  by  positive  and  nega- 
tive testimony,  that  the  narcotic  principle  exists  in  the  resin  only, 
the  tincture  should  always  be  made  with  alcohol  and  not  with 
proof  spirit.  It  is  more  difficult  and  expensive  to  prepare  the 
extract  than  the  tincture,  and  the  latter,  in  most  instances,  is  the 
Woat  eligible  preparation. 
Its  virtaes  are  aromatic,   tonic,  and   narcotic ;  and  it  is,   I 


Q02  On  Mixturts  of  OxymurialeofPoiass for  Ordnance.  [Masch, 
believe,  the  only  article  in  which  these  propertieB  are  combiaed. 
Our  country  abounds  with  vegetable  bitters  and  tonics,  many  of 
wbieh  are  more  powerful  than  the  hop,  but  there  is,  ppifaun, 
none  which  can  so  properly  be  denominated  a  Btomachic.  Inat 
fomily  of  symptomatic  diseases  which  are  the  consequence  of 
exhausted  excitability,  or  more  directly  of  an  enfeebled  and 
deranged  state  of  the  stofnach  and  bowels,  are  certainlv  mudi 
relieved  by  this  medicine.  Itfrequently  induces  sleep,  and  quiets 
great  nervous  irritation,  without  causing  costiveness,  or  impair- 
ing, like  opium,  the  tone  of  the  stomach,  and  thereby  increasing 
the  primary  disease.  As  an  anodyne,  it  will  be  found  inefficient 
compared  with  opium.  The  saturated  alcoholic  tfacture,  in 
doses  of  from  40  to  80  drops,  will  induce  sleep  with  as  much 
certainty  as  opium  in  cases  of  long  watching  from  nervous  irrita- 
bility ;  but  the  same  cannot  be  said  of  its  efficacy  in  relieving 
pain.  This  substance  then  is  not  commended  as  a  medicine 
which  ought  to  supersede  the  use  of  others  of  acknowledged 
virtue,  but  as  a  useful  auxiliary,  which  undoubtedly  possesses 
properties  in  some  respect  peculidr  to  itself,  and  as  the  part  of 
the  hop  altogether  preferable  to  any  other,  or  to  the  whole  as  it 
IB  ordinarily  used  in  tincture. 


Article  V. 

On  varioui  Mixtures  of  Oxt/muriate  of  Potass  for  discharging 
Ordnance. 

(To  the  Editor  of  tJie  Annals  of  P/ulosophy.) 

SIK,  Fa.  to,  ISSi. 

Observing,  in  the  last  number  of  the  Annals  of'  Philosophy, 
some  experiments  on  various  mixtures  of  oxymunate  of  potass 
for  discharging  ordnance  according  to  Mr.  Forsyth's  plan,  I  take 
t^is  opportunity  to  suggest  a  mixture  of  Howard's  fulminating 
mercury,  sulphur,  and  charcoal,  separately  reduced  to  powder, 
and  afterwards  intimately  mixed.  Several  experiments  on 
Ttarious  mixtures  of  these  three  ingredients  were  made  in  Paris  a 
short  time  since ;  but  as  they  were  conducted  with  great  secrecy, 
I  was  unable  to  ascertain  the  use  to  which  they  were  destined. 
I  have  seen  some  granulated  after  the  manner  of  gunpowder, 
and  some  madu  perfectly  spherical,  in  which  latter  form  it 
appeared  most  enei^etic. 

If  this  composition  is  not  generally  known,  you  will,  perhaps, 
think  it  worthy  a  place  in  the  Annals,     I  remain,  yours,  8cc. 

T.  N.  r:  m. 

p.  S.  The  proportions  of  the  ingredients  best  adapted  to  the 
above  purpose  might  easily  be  ascerDuQed  by  a^few  experiments. 
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Astronomical  and  Meteorological  Observations. 
By  Col.  Beaufoy,  FRS. 

Bashey  Heath,  near  Stanmore. 
Im&iiie  51"  3T  44-S"  Nprth.     Ixmgitude  West  in  time  1'  20'93". 

Astronomical  Observations,  Feb.  6,  1821. 

These  observations  were  made  under  very  favourable  circum- 
Btaaces,  and  the  liglit  of  the  star  at  the  instant  of  immersion  was 
as  bmght  as  when  it  was  several  minutes  distant  from  the  moon's 
Smb. 

Rain,  between  noon  the  lot  of  January  and  noon  the  1st  of 
February,  2*115  inches.  Evaporation,  during  the  same  period, 
0-680  inch.  Mean  heat  of  Jaauary,  37°.  Thermometer,  lowest, 
Jan.  4th,  =  21°.     Highest,  Jan.  18th,  =  49-^°. 


Oa  the  Going  of  a  Clock  with  a  Wooden  Pendulum. 
By  Col.  Beaufoy,  FRS. 

(To  the  Editor  of  the  Annals  of  Philosophy.) 

DEAR  SIB,  Baikty  Heath,  Stanmore,  Fdi.  7,  I8«l. 

Im  the  Annals  of  Philosophy  for  February,  1820,  was  pub- 
lished the  going  of  a  clock  with  a  wooden  pendulum,  and  also  a 
description  of  its  construction;  but  as  it  may  be  more  satisfac- 
tory to  have  the  account  of  the  rate  for  a  longer  period  than 
12  months,  I  have  the  pleasure  to  send  a  table  of  the  clock's 
^om^,  during  a  second  year,  and  the  result  corroborates  the 
"ivourable  impreesioa  I  then  entertained  of  its  accuracy. 
I  remain,  dear  Sir,  your  obliged  servant, 

Mark  Beaufoy. 
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Col.  Beaufoy  on  a  Clock  with  a  Wooden  Penduhm.     [March, 
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1821 .]         Diurnal  Variation  of  the  Magnetic  Needle. 
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Mr.  Deuchar's  Remarks  [Mabch, 


Article  IX. 

Remarks  regarding  the  Experimetits  upon  Flame^  performed  with 
:the  Apparatus  for  discharging  Ordnance  witkaut  the  Use  of  a 
Light  or  Match-Lock.  By  Mr.  Joha  Deuchar,  Lecturer  on 
Chemistry  in  Edinburgh. 

(To  the  Editor  of  the  Annals  of  Philosophy.) 

SIB,  9T>  Lolhian-Hreil,  Edinburgh,  Feb.  10,  1881. 

■  At  a  meeting  of  the  Wernerian  Natural  History  Society, 
which  was  held  to  day,  I  read  the  continuation  of  my  aficount  of 
the  experiments  performed  with  the  appu'atuB  for  discharging 
Ofdnance,  a  description  of  which  was  gires  in  the  last  aumber  of 
the  Annals.  In  this  paper  T  have  entered  upon  the  cause  of  the 
results  which  present  themselves.  I  have  endeavoured  to  show 
by  experiments  that  it  is  not  in  the  slightest  degree  electrical, 
bat  that  it  may,  with  more  propriety,  be  ascribed  to  free  caloric 
in  a  BO^ar  insulated  or  condensed  state.  1  have  not  yet  tried  the 
whole  of  the  experiments  I  had  chalked  out  to  myself;  for  the 
proof  of  this,  so  far,  however,  as  I  have  gone,  they  verily  the 
•floclusion.  I  have  also  noticed  more  fully  the  nature  of  the 
flame  while  in  rapid  motion,  and  the  alterations  of  its  ^ect 
upon  substances  by  retarding  that  movement ;  when  its  force  is 
set  retarded,  it  passes  through  many  inBammables  without 
afecting  them  in  the  least ;  but  when  its  velocity  is  so  far  stop- 
ped as  to  bring  it  for  a  longer  time  in  contact  with  the  substance 
to  be  acted  upon,  then  it  begins  to  display,  in  a  greater  or  less 
degree,  the  usual  sffects  of  caloric. 

As  you  will  find  the  minute  details  of  these  experiments  in  the 
third  volume  of  the  Transactions  of  the  Wernerian  Natural  His- 
tory Society,  to  be  published  in  a  few  days,  I  should  not  have 
tnnibled  you  with  any  observations  at  present,  had  it  not  been 
that  from  what  was  mentioned  at  p.  93  of  the  present  volume  of 
the  Ainials,  regarding  the  experiments  with  wire  gauze,  it  might 
appear  that  the  gunpowder  could  not  be  fired  through  the  wire 
gftuae  used  in  Sir  H.  Davy's  safety  lamp,  without  the  wire  being 
injured.  I  have  since  found  that  the  wire  gauze  I  bou^t  of  the 
mmufacturer,  and  which  be  assured  me  was  the  same  as  that 
uaed  in  the  safety  lamp,  was  by  far  too  fine,  and  that  it  was  on 
llus  account  the  flame  sometimes  forced  away  a  part  of  it.  The 
following  experiments,  which  I  extract  firom  the  paper  above 
alluded  to,  will  remove  any  misconceptioa  that  may  hare  arisen 
-  on  this  part  of  the  investigation.  The  wire  gauze  I  nsed  was 
made  of  erass  ;  an  inch  of  uie  finest  kind  contained  70  meshes 
in  the  length,  being  4,900  in  the  square ;  and  the  coarsest  kind 
contained  S6  in  the  length,  being  1,296  meshes  in  the  square 
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inch.  ?fow  upon  examining  two  of  the  lamps  recommended  by 
Sir  H.  Davy,  the  one  with  copper  gauze,  and  the  other  with  iroa 
fauze,  1  found  the  former  had  only  676  meshes  in  the  square 
mch,  and  the  latter  784  meshes  in  the  same  space. 

Experiment  13. — A  tube  which  could  be  separated  Into  sir 
pieces  of  nearly  the  same  length,  was  screwed  to  the  apparatus 
(Plate  111,  p.  89),  making  the  distance  from  the  top.  A,  to  the 
'bottom  fully  23  inches.  A  piece  of  the  coarser  wire  gauze, 
already  described,  was  put  upon  the  hole  at  the  joining,  a,  when 
the  fulminating  powder  was  exploded  at  A,  the  flame  passed 
through  the  gauze,  and  appeared  at  the  bottom  of  the  tube.  The 
same  Kind  ot  wire  gauze  was  next  placed  at  a  and  b  at  the  same 
time,  and  then  at  a,  b,  and  c,  and  the  Same  passed  through  all 
the  pieces.  This  effect  was  also  obtained  when  similar  pieces  of 
wire  gauze  were  put  at  all  the  five  joinings  of  the  tube  at  once. 
In  this  last  result,  the  first  piece  of  wire  gauze  was  4^  inches 
from  the  top,  A  ;  the  second,  8j-;  the  third,  12  ;  the  fourth,  16; 
and  the  fifth,  20 ;  and  the  flame  appeared  at  the  bottom,  afler  a 
passage  of  nearly  234-  inches,  through  five  pieces  of  the  wire 
gauze. 

Experiment  14. — As  I  could  not  get  the  flame  to  pass  through 
the  whole  of  the  tube,  when  I  increased  the  joinings  beyond  23^ 
inches,  it  was  impossible  to  try  an  additional  number  of  pieces 
of  wire  gauze,  by  adding  them  in  the  same  way.  1,  therefore, 
increased  the  number  by  putting  more  than  one  at  the  same 
jsining.  I  found,  upon  repeated  trials  in  this  way,  using  the 
tube  15  inches  long  (as  represented  on  the  plate,  p.  89,  fig.  1), 
that  the  flame  could  pass  through  three,  six,  nine,  and  twelve 
pieces  at  once  :  there  being  placed  one,  two,  three,  and  four 
^eces  at  each  of  the  joinings,  a,  b,  andc. 

Experiment  15. — Although,  by  the  two  last  experiments,  it  was 
proved  that  the  dame  could  pass  through  the  coarser  wire  gauze 
when  increased  even  to  12  pieces  at  once,  yet  it  did  not  follow 
that  it  was  not  thereby  altered  somewhat  in  its  nature  A  pro- 
hable  change  was,  that  it  might  become  inert  with  regard  to 
inftammablee,  as  takes  place  in  the  different  safety  lamps,  aiid 
particularly  that  of  Sir  H.  Davy.  Several  experiments  were 
tried  to  ascertain  if  this  su^estion  were  correct ;  first,  the  wire 
gauze  was  put  at  a ;  then  at  a  and  b  ;  and  lastly,  at  a,  b,  and  c  ; 
placing  at  the  same  time,  during  each  trial,  a  quantity  of  gun- 
powder in  a  piece  of  flannel  at  the  bottom  of  the  tube  ;  and  in  all 
of  these  I  found  the  gunpowder  to  be  inflamed,  and  the  wire 
gauze  not  to  be  in  the  least  injured. 

Experiment  16. — I  next  tried  the  result  of  firing  the  fulminat- 
ing powder,  with  the  finest  wire  gauze  placed  first  at  a,  then  at 
a  and  h,  and  then  at  a,  b,  and  c,  and  found  that  the  flame  still 
appeared  at  the  bottom,  B  ;  showing  that  the  gauze,  although 
pwich  finer  than  that  used  in  Sir  H.  Davy's  safety  lamp,  was  not 
unpervious  to  this  flame.     In  some  of  the  experiments  I  found  a 
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hole  to  have  been  made  in  the  centre  of  the  wire  gauze,  and 
sometimes  the  parallel  wires  were  forced  wider.  This  was  very 
often  the  case  when  apiece  of  wire  gauze  was  put  at  all  the  join- 
ings, a,  b.  and  c,  and  then  it  was  the  gauze  at  a  which  was  torn 
or  otherwise  injured. 

Experiment  17. — In  order  to  ascertain  if  theflaoie  stillremained 
unaltered,  notwithstanding  its  having  passed  through  the  finest 
wire  gauze,  a  quantity  of  gunpowder  in  flannel  was  affixed  to  the 
bottom  of  the  apparatus ;  and  it  was  inflamed  through  one,  two, 
and  even  three  pieces  of  the  gauze.  Here  the  same  occasional 
appearance,  noticed  in  the  last  experiment,  occurred  with  regard 
to  the  upper  piece  of  wire  gauze. 

I  am,  yours  respectfully, 

John  Deuchar. 


On  a  Machine  to  measure  a  Skip's  Way  by  the  Log  Line. 
By  Mr.  J.  Newman 

(To  the  Editor  of  the  Annals  of  Philosophy.) 

DEAR  SIR, 

I  OBSERVE  in  the  last  number  of  the  Annals  of  Philosophy  a 
paper  referring  to  the  account  I  have  given  Qt&  machine  to 
measure  a  ship's  way  by  the  log  line,  in  which  a  prior  claim  to 
mine  is  set  up  for  the  invention.  This  I  conclude  to  arise  from 
the  circumstance  of  my  not  having  mentioned  the  date  of  the 
instruments  I  made ;  and  from  it  your  correspondent  supposes 
that  the  date  of  the  publication  of  the  paper  is  that  of  the 
invention. 

It  is  now  at  least  40  years  ago  since  I  invented  and  made  the 
first  instrument  in  question.  Capt.  Hubbard,  then  of  the  East 
India  service,  had  the  first  of  them,  and  between  the  years  1786 
and  1798  they  were  publicly  sold  by  Messrs.  P.  and  J.  Dollond, 
and  Mr.  George  Adams,  with  their  names  on  them ;  but  my 
account  book  of  that  time  is  destroyed.  My  present  account 
hook  begins  in  1794,  and  1  find  that  Messrs.  Pollonds  had  one 
of  the  instruments  on  Sept.  4,  1797  ;  and  another  on  the  27th  of 
the-same  month.  These  dates  can  no  doubt  be  easily  verified 
by  reference  to  their  hooks.  I  made  several,  perhaps  16  or  18, 
between  the  dates  I  have  mentioned,  but  my  attention  being 
called  to  other  things,  I  did  not  pursue  the  subject  with  any 
degree  of  earnestness.  I  remember  that  Capt.  Clayton  had  one 
of  the  first  that  I  made  in  the  year  1785,  and  he  recommended 
me  to  take  'it  to  Sir  Charles  Middteton,  at  Uie  Kavy  OflSce, 

Dii-raM,,  Google 
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Somerset  House,  who  B|)oke  well  of  it,  and  advised  meto  take 
it  to  the  Admiralty ;  but  I  did  oot  pareue  the  matter  further. 

Ab  the  only  question  is  merely  as  to  the  date  of  the  invention, 
and  not  to  any  imaginary  superiority  in  principle,  1  need  not 
direct  attention  to  the  supposed  advantage  of  either  one  or  the 
other  instruments.  1  am,  dear  Sir, 

Very  respectfully  yours,  &c. 

J.  Newman. 


Article  XI. 

On  the  comparative  Advantages  of  illaminating  by  Gas  produced 
J'rom  OH  and  from  Coal.    By  M.  Ricardo,  Esq. 

(To  the  Editor  of  the  Annals  of  Philosophy.) 

DEAR  SIR, 

The  utility  of  employing  gas  for  the  purpose  of  iltuminatioa 
IB  no  longer  a  subject  of  doubt,  but  from  what  substance  it  is 
most  advantageously  obtained,  whether  by  decomposing  oil  or 
coal,  is  not  yet  decided  by  men  of  science.  I  have,  therefore, 
been  induced  to  enter  into  an  examination  of  the  comparative 
advantages  of  the  two  in  order  to  draw  the  attention  of  those 
who  are  engaged  in  the  formation  of  gas  hght  establishments  to 
the  subject,  and  to  enable  them  to  arrive  at  a  tolerably  correct 
-opinion,  which  it  would  be  most  advisable  to  adopt. 

It  is  my  intention  to  consider 

1.  The  qualities  of  the  two  gases  for  producing  licht. 

2.  Tile  comparative  facilities  with  which  an  estaSishmeat  for 
the  production  of  either  may  be  carried  on. 

3.  The  capital  required  for  such  establishments. 

4.  The  comparative  cost  of  the  two  gases. 

5.  Which  is  most  desirable  in  a  national  point  ofview. 

The  gas  produced  from  oil  is  much  purer,  and  contains  a  much 
greater  illuminating  power  than  tiiat  from  coal.  The  quantity  of 
%ht  produced  from  a  given  portion  of  oil  gas  is  stated  by  an 
eminent  chemist  to  be  equal  to  three  times  the  quantity  pro- 
duced from  coal  gas :  from  the  result  of  my  own  experiments,  it 
is  equal  to  four  times  ;  for  I  have  fmmd  tmt.  am  Argand  burner 
giviog  a  light  equal  to  six  candlwi  "aix  to  the  pound,  consumed 
one  cubic^  foot  in  the  hour.  Mr.  Accum,  in  bis  work  on  Ga 
ughta,  p.  276,  ilates  that  an  Argand  burner  of  coal  gas  giving 
a  fight  c^nC  to  three  candles,  eight  to  the  pound,  consumes  two 
^'ii^  fe»t  per  hour.  Then  as  one  foot  of  oil  gas  is  equal  to 
*tx  candles,  and  two  feet  of  coal  gas  are  required  to  equal  three 
<*ndle8,  it  follows,  if  the  candles  were  even  of  the  same  size,  that 
OQe  volume  of  oil  gas  is  equal  to  four  of  coal  in  illuminating 
^ew  Series,  vol.  t.  o 
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.jpowci.  If  we  take  tbe  mean  cf  these  statement^,  H  will  be  «& 
one  to  three  and  a  half  i  that  is,  20  cube  feet  of -oil  gas  ,wtll  gutt 
as  much  light  aa  70  of  coal  gaa. 

Oil  gas  re<]uireB  no  purificatioD  ;  itcontaina  no  sulpliuretta^ 
Jwdrogen  which  is  one  of  the  admixtures  of  coaTfui,  aad«f  tW 
all  the  purification  to  whirh  it  is  submitted  jcanoot  wiiol^ 
deprive  it ;  the  coal  gas,  therefore,  acta  upon  all  metallic  sub- 
stances, and  ia  the  course  of  time  must  BeriouBly  injure  the 
pipeB  through  which  it  passes,  and  its  accidental  escape  in  shopg 
and  houses  must  prove  highly  detrimental  to  all  ornamenUtl 
gildings,  paintings,  or  any  thing  of  which  metals  form  a  part. 
This  cannot  happen  where  oil  gas  is  used ;  for  it  contains  no 
sulphuretted  hydrogen,  iind  it  is  well  known  to  have  no  action  on 
.metals  whatever.  It  may  be  said,  that  the  mode  adopUed  £i|r 
purifying  coal  gas  efi'ectually  deprives  it  of  .this  anxious  gas ;  but 
experience  has  proved  that  this  is  not  tbe  fact,  as  in  many  places 
the  smaller  ci^per  pipes  show  evident  marks  of  being  strongly 
acted  upon,  the  bore  being  gradually  filled  up  with  sulphuret  of 
copper.  As  this  process  takes  place  slowly,  the  dimimitlon  of 
jtght  tt  BOt  immediately  perceptible,  hut  it  will  become  lery 
;Avideiit  after  a  time ;  and  it  may  be  expected  that  afler  tbe  lafue 
■t^  a  still  Jbeger  period,  the  same  evil  may  arise  in  tlie  largw 
^vftes,  as  iKm  ia  also  li^le  to  the  sane  ctirroHve  influence  fixHn 
Its  contact  with  this  ^s.    Tbe  admixture  of  sulpdimettedrhydw' 

feu  with  co^  gas  iiuutt  prevent  its  general  uitroduclioa  tMo 
ouses,  as  tbe  sulphurous  acid  gas,  which  is  given  <nit  during  hi 
joombustioD,  would  prove  very  annoying  in  a  conjBoed  room, 
besides  whicJi,  from  the  ooaeumption  of  so  much  larger  a  portiwi 
of  coal  than  oil  gas  to  produce  tbe  aame  hght,a  greater  quantity 
of  moisture  ia  generated,  and  much  mofe  .Iteat  is  given  out. 

From  the  abave  statement,  it  is  very  evLdect  that  the  sniaUer 
bulk  and  greater  purity  of  ail  gas  will  allow  of  its  employ  oieiitJK 
dwelling  nouses  mthout  its  producing  the  I^st  ixtcjonweaieDce. 
If  tbe  pipes  are  well  &tt^  together  and  properly  prpKed  before  tbe 
gas  is  admitted  into  theai,  no  aiutoyaooe  whatsoever  need  be 
apprehwided ;  and  if  a  cock  should  be  accideutaUy  \e&.  open, 
and  the  gas  allowed  to  escape,  it  may  be  iinmedial^y  remedied 
without  ieaviog  so  unpleasant  a  sjuell  as  t^at  arisiug  from  4ike 
atmilar  escape  of  coal  gas. 

Wlien  any  new  im[H<ovement  is  intfoducedr  we  are  too  Apt  to 
;^oeanyfioBfiiU£i)D£)OQveoieBoe  that  may  Jesuit  from  it  in  a> 
exaggtxaied  point  of  (view,  and  wholly  Ic  overlook  those  we  aor 
labouring  under,  end  which  it  is  intended  to  supeESede.  T^us 
tbe  only  possible  inconvenience  that  can  resultfmtn  the  tise«f.Qfl 
gas  in  that  which  1  havebefore  meDUoned,an  accidental  smdl  &em 
carelessness,  instantly  detected,  .and  ae  instantly  Bemedicd  a* 
inconvi»uenc£  lo  which  me  <are  equally  ^able  in  aurpjeKDt^aodc 
of  hgbting,  in  addition  to  which  there  is  the  trouble  of  trimmi^ 
tite  Jamps,  the  ekanoe  of  j^illing  the  oil,  Jiot  a  V8iy-unfi>ec|u«d 


occnrrenoe,  and  many  other -dnasten  both  in  dw  um  of  oil 
fad  candles,  from  all  of  wfatch  gas  is  exempted ;  and  nrhen  the 
prejudice  anting  from  the  use  of  coal  gaeis  once  removed^  and 
tke  gTMter  advantages  of  oil  gas  generally  kaown,  there  is  no 
doubt  its  greet  convenience,  supeiior  brilliancy,  and  cheapneas, 
«ill  'cauaeit  to  supeniede  all  other  modes  of  lighting,  and  befoie 
long,  its  universal  introduction  into  dwelling  houses  may  be  cob 
fidently  relied  upon. 

The  s«Gond  point  far  consideration  is  the  comparative  facili^ 
irith  which  a  coal  or  oil  gas  establishment  may  be  carried  on. 
The  process  for  producing  gas  from  oil  is  *ery  simple.  The  app»- 
ntus  M  easily  managed,  and  consists  of  an  iron  retort  heated 
over  a  fir«  :  a  very  ten  days'  experience  will  teiich  a  common 
«o^ng  man  how  to  i-eguhite  the  heat.  This  retort  is  connected 
hy  a  tuoe  with  the  oil  cistern,  from  which  a  small  drop  of  oS 
paeses  into  it.  The  quantity  is  regulated  by  a  graduated  cock^ 
^ere  it  is  decomposed  and  converted  into  gas.  This  passes 
through  another  tube  at  the  other  extremity  ot  the  retort  into  m 
condensing  vessel,  where,  by  a  simple  contrivance,  the  oil  that  is 
tmly  volatilized  returns  back  into  the  oil  cistern ;  the  gas  is  then 
conveyed  into  a  wash  vessel,  where  it  passes  through  water  to 
deposit  any  oil,  oi*  other  condensible  vapour,  that  may  have  cooae 
-over  with  it,  and  from  thence  it  is  conducted  into  the  gasometer 

Coat  gas  is  produced  by  putting  a  certain  quantity  of  coal  in 
«n  u'on  retort  placed  over  a  fire.  The  coal  is  decomposed;  tke 
f^  passes  over  into  a  laige.  vessel,  where  it  deposits  its  tar  and 
'.tmuoniacal  liquor ;  it  is  then  conveyed  through  «  mixture  of 
hme  and  water  to  depdne  it  of  the  sulphuretted  nydrojen  svhich 
is  mixed  with  it,  a  moat  troublesome  and  offensive  operation : 
afim-  this,  it  is  passnd  through  water,  where  it  is  more  etfectual^ 
v^hed,  and  from  thence  it  is  transmitted  into  the  gasometer. 
^^se  are  the  processes  required  for  producing  the  oil  and  coal 
fu ;  but  we  shall  better  nnderstand  the  ,tr<Mtble  attendant  on  tlue 
tttterby  aoomparattre  view  of  two  establishments  far  a  thousand 
kgfate  each,  one  for  oil,  and  the  other  for  coal  gas,  catch  light 
consuming  annually,  upon  an  average,  2000  cube  feetof  oU  gas, 
awl  76UU  cube  feet  of  coal  gas.  The  whole  annual  consaraption 
«f  the  one  woidd  be  2,000,000.  of  the  other  7,000,000  cube  feet. 
The^uaotity  of  light  required  in  winteris  of  course  much  greater 
'tenin  suoMoer,  aadcitWreatablishmeDt  muBt  be  made  uponn 
wate  to  meet  the  demand  that  may  be  necessary  on  the  shortest 
vlart.  The  fortnight  before  and  after  Christmas,  or  about  tint 
-time,  may  be  taken  as  the  month  of  the  greatest  consumption  ; 
-tad  we  nay  assume  that  during  this  nwnth,  nearly  one-fourth  of 
^  whole  quantity  would  be  required.  1  may  mistake  in  this 
■■timate,  bvt  it  can  be  of  no  consequence,  as  it  wiU  equally  apply 
to  both  establishments.  The  average  quantity  of  oil  gas  required 
Would  be,  during  that  time,  «omewhat  above  16,000  cube  feet 
o3  (..ooilW- 
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per  night,  and  66,000  of  coal  gas.  To  produce  that,  quantity  of 
4Jie  former,  eight  or  10  retorts  would  be  sufficient,  each  retort 
-six  feet  long,  and  six  inches  diameter.  One  of  this  dimensioa 
would,  if  necessary,  produce  30U0  feet  per  day>  but  it  is  found 
more  advisable  not  to  work  them  to  their  full  extent,  and  always 
to  have  some  in  reserve.  One  gasometer  containing  12,OU0.cube 
feet,  or  two  of  6(.H)0  each,  would  be  required.  The  oil  cistern, 
the  condenser,  and  wash  vessel,  are  so  constracted  as  to  occupy 
iwt^veiy  little  space,  the  condenser  being  over  the  cistern,  uid 
the  wash  vessel  under  it,  the  gasometer  occupying  by  far  the 
lai^est  portion  of  room.  From  the  repeated  trials  in  various  oil 
gas  establishments,  it  has  been  ascertained  that  10  gallons  of  oil 

Siroduce  lUOO  cube  feet  of  gas,  and  require  one  bushel  of  coals 
or  decomposition :  2,000,000  feet  of  oil  gas,  therefore,  would 
require  20,000  gallons  of  oil,  weighing  between  78  and  7ti  tons, 

^and  74  tons  of  coal ;  so  that  about  153  tons  of  materials  would 
be  annually  wanted  in  this  establishment,  all  of  which  would  be 

■consumed,  or  converted  into  gas. 

In  the  coal  gas  works,  40  retorts  at  least  would  be  required.* 
Each  retort  is  six  feet  long,  and  one  foot  in  diameter,  and  would 

■be  chai^d  with  two  bushels  of  coals,  which  quantity  would 
require  eight  hours  for  decomposition.  At  the  end  of  this  time, 
the  coke  would  be  removed,  and  fresh  coals  put  in.  The  above- 
mentioned  quantity  of  coals  would  give  out  660  cube  feet  of  gaa, 
estimating  10,000  cube  feet  for  every  chaldron.  The  utmost 
quantity  of  gas  which  one  retort  could  produce  would  he  1680 

■cube  feet,  working  night  and  day  without  intermission  :  34  is  the 
number  actually  necessary ;  but  in  an  establishment  like  this, 
the  wear  and  tear  would  always  be  requiring  some  to  be 
replaced,  I  have,  iherefoie,  taken  the  number  at  40.  The  vessd 
to  receive  the  condensed  tar,  oil,  and  ammonlacal  liquor,  must 
be  of  considerable  size,  as  also  those  for  burning  the  gas,  and 
for  washing  it.  One  gasometer  of  40,000  cubic  feet,  or  two  of 
20,000  eacn,  would  be  scarcely  sufficient.   To  produce  7,000,000 

-cube  feet  of  coal  gas  would  require  700  chaldron  of  coals,  and 
175  for  carbonisation,  weighing  altogether  1,181  tons,  besides 

"60  tons  of  lime  for  purifying. 

In  a  coal  gas  establishment  there  will  be  a  conveyance 
required  for  1230  tons  of  materials,  the  greater  part  of  which  are 
returnable  in  bulky  articles,  such  as  coke,  tar,  ammoniacal 
liquor,  for  each  of  which  a  market  must  be  found,  as  the  greater 
part  of  our  estimated  profit  is  derivable  from  them  ;  and  of  the 
two  latter  articles,  the  product  is  already  so  great  as  very  far  to 
exceed  any  possible  demand  for  them:  so  that  a.  ffirther  convey- 
ance is  required  for  more  than  three-fourths  of  the.,^bQyc  esti- 
mated materials,  and  large  premises  and  reservoirs  to.  contain  - 
them  till  disposed  of.    Added  to  these,  there  is  produced  a  vei? 

'  See  PeduioD  on  Ou  Ughti. 
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laree  quantity  of  hydrosulphuret  of  lime,  which  is  extremely 
oC^Dsice  and  quite  useless.  In  the  oil  gas  establishment,  the 
conveyance  of  153  tons  of  materials  is  ail  that  is  required,  the 
whole  of  which  is  consumed,  and  the  entn-e  profit  derived  from 
one  product  only,  and  that  the  sole  object  of  manufacture. 

From  the  above  investigation,  it  is  clear  that  on  this  point 
also  the  oil  gaa  must  be  inhnitely  preferable  as  deriving  its  profit 
from  tlie  consumption  of  materials  ofsmalUiulk,  and  the  product 
being  only  one  article  readily  disposed  of.  It  is,  therefore,  I' 
thiuK,  evident,  that  such  an  establishment  n^ust  be  carried  on 
with  much  less  trouble  than  where  the  materials  are  extremely 
bulicy,  and  the  profits  derivable  from  various  articles,  some  of 
which  are  disposed  of  with  difficulty,  and  are  together  almost  as 
bulky  as  those  from  which  they  were  originally  produced. 

From  the  foregoing  statements,  it  must  clearly  appear  that  the 
capital  required  for  the  establishment  of  an  oil  gas  work  must  be 
considerably  less  than  would  be  necessary  for  one  of  coal  gas. 
The  fewer  retorts,  the  smaller  size  of  the  gasometers  and  convey- 
ance pipes,  the  much  greater  simplicity,  and  consequently  cheap- 
ness of  the  apparatus,  together  with  the  very  little  labour 
and  superintendence  required  in  works  even  upon  a  veiy  lai^e 
scale,  prove  clearly,  and  without  any  further  comment,  that  the 
capital  requisite  in  the  one  will,  as  already  mentioned,  bear  no 
proportion  to  that  necessary  in  the  other.  This  is  an  object  of 
Borae  consequence  to  those  embarking  in  such  an  undertaking, 
as  the  risk  of  loss  in  case  of  failure  is  comparntively  small,  and 
consequently  less  difficulty  will  be  found  in  forming  an  oil  than 
a  coal  gas  establishment. 

The  next  subject  for  consideration  is  which  is  the  more  eco- 
nomical method?  and  it  may  appear  surprising  to  many  that 
light  from  oil  gas  can  be  afforded  to  the  consumer  as  cheap  as 
that  from  coal,  and  at  the  same  time  yield  as  great  or  greater 
profit  to  the  Company  supplying  it.  This  is,  however,  the  case, 
though  we  have  not  snch  satisfactory  data  to  go  upon  as  to  make. 
It  clearly  demonstrable,  from  being  unable  to  ascertain  what  the 

trofits  of  the  Coal  Gas  Companies  really  are,  and  which  can  only 
e  assumed  from  the  known  dividends  which  are  made  upon 
their  shares.  The  difBculty  of  calculating  profits  must  always 
he  increased  when  they  are  derivable  from  an  average  of  various 
articles,  for  some  of  which  there  is  a  fluctuating  demand,  and 
which,  from  their  increased  production,  are  likely  to  diminish  in 
Wlue.  From  some  known  data,  it  is  supposed  that  l^e  cost  of 
wal  gas  to  the  Companies,  reckoning  the  sale  of  coke,  tar,  8co. 
Would  be  about  IOj,  per  1000  cube  feet ;  the  seUing  price  is  esti- 
mated at  the  rate  of  15j.*  :  it  may  be  more,  but  is  certainly  not 

*  Snee  vritm^  As  abora,  I  hare  beoi  injarmed,  on  good  Bntbnitj,  Aat  in  Mme  at 
m  ptorioail  ctncs  and  whdm,  tba  idliu;  price  of  Eoil  gu  ucuiinMed  mudi  hwhct 
W).lSi.pei  lOOOoikfeM.     TUi  b  what  mar  bt  npcMd,  f      '      "   '  '^     * 

**'  P»  iMamw  mndi  gcester,  in  coMequence  of  as  inawad 


1M-       Mr.  Biaudo  m  Hi  Comptntivt  Ad6aia«ff»   [M«iHW; 
iMa  thui  th«t.    This  would  give  them  a-  profit  of  50  per  cob. 

3 ion  their  capital.  The  highest  return  quoted,  which  is  of  tbtD 
rffitol  Gas  Works,  is  but  10  per  oont. ;  and  the  chartered  Cow^ 
jnnjrin  London,  whioh  possesses  advantages  superior  to  anyv 
only  divides  ei^t  per  cent.  It  is  difficult  to  aoooant  for  thtsf 
but  on  the  supposition  that  the  making  of  the  gas  must  cost 
Aem  much  mure,  or  that  there  roust  be  some  misfuann^uaent^. 
or  considerable  waste.  We  will,  however,,  assume  thatit  onlj! 
dosts  lOs.  per  1000  cube  feet. 

The  profit  and  loss  account  of  an  oil  gas  establishment  maybw 
odioulated  very  easily.  Ten  galkms  of  oil  will  produce'  lOW 
ttubio  feet:  this  may  beconsidered  the  average  quanlity,  and 
t^en  from  the  result  of  various  trials  where  oil  gas  is  usvd.  Ott 
suitable  for  the  purpose  may  be  aow  procured  for  20/.  per  torn, 
but  as  the  price  ofoil  at  present  is  very  low,  and  ntaynotliecon* 
aidered  a  fair  average,  ne  will  tuke  it  atS^V.  perton.  ov  about  2*;' 
per  ^Don.  The  oost  then  for  producing  1000  cube  feeCof  oAi 
gas  will  be  as  follows :  I 

£    I,    d.  I 

10  ga!lon8ofoilat2*;  per  gallon 1     0     0  i 

,        )  bushel  of  coals 0     1     6 

Labour,  wear  and  tear,  and  contingencies.  . .  0    d    6  1 

1     7    0 

At  the  present  price  df  oiI>  the  cost  would  be  much  lees. 
Should  oil  advance  beyond  the  sum  at  which  I  have  averaged  it^ 
it  will  be  of  course  greater;  it  may  also  be  tboi^t  that  fhara 
Underrated  the  expenses  of  wear  and  tear,,  labour,  and  coDlin- 
gencies ;  but  the  estimate  is  founded  upon  the  data  afforded  by 
works  upon  a  small  Scale,  and  their  expences  generally  excsea 
fliose  ofalarger  description.  Further,  to  meet  those  objectiou^a 
I  will  take  the  cost  of  1 000  cube  feet  at  30$. :  this  is  equivalent 
to  3,600  cube  feet  of  coal  gas,  which  at  10s.  per  lOOU  will  cost 
^.  giving  a  balance  in  favour  of  oil  gas  of  bs.  upon  those  pEO-^ 
JlOrtionate  quantities. 

In  enumerating  the  advantages  ofoil  gas  overcoat,  itmaynet 
6e  irrelevant  to  consider  it  in  a  national  point  of  view,  as  a  nuP- 
aery  foruur  seamen:  supposing  in  every  other  respect  the  balsn«f 
of  advantages  to  be  equal,  this  would  give  the  oil  gas  a  decidf4 
preference.  1  am  aware  that  this  advantage  may  be  pnrcbassd 
too  dearly,  and  that  when  coal  ga&was  firtit  introduced,  its  gr^ 
superiority  over  other  modes  of  fiBhting  made  it  desiiable  ^^ 
t&e  benent  resulting  from  the  fisheries  should  ml  a  dsgrM-b* 
telinquished,  but  now  that  other  ciccuaislances  concar  ia  nsfc* 

|> mlnnK^n [■iiriiill  liw<l il  fiii m\l\  tat]  Miliirf^im ifci  tf»  ■■iMiufcli  **^ 
fr-'n--" ■■"  ■  ■  m  -iiHi  mi  lliii  li  !■  irt^ial  !>■■■  Iiim  ■ilifci«Mmi*i«tr"r_ 

iSsWibdiGMilMiMMSnMaMa.  ^    "•   ■ 
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IMff.J  ^Hfimimitfng  By  Gasfmm'Qil  andjhfm  Coal.  StS 
iog  the  use  of  oil  preferable,  there  can  be  no  doubt  of  the 
propriety  of  considering  tltis  as  au  additional  motive  for  prefer- 
ring oil  gas. 

ft  has  b<!en  «uj;g^sted  bv8ome  intelligent  gentlemen,,  whethety 
iTthe  use  of  oil  gas  should  beeorae  very  general,  the  supply  of 
oil  would  be  adequate  to  the  demand ;  and  whether,  from  the 
iocre Vied  dematio,  tfceprice  woutd  not  be  oonsiderab^  enhwiced. 
When  coat  gas  was  in^nduced,  1^  demand  for  oil  was  dinit^ 
Bi^ed  ;  anJ  th«  capitaV  employed  in  that  trwje  was  dtverH4 
iabo  oCber  cbwnsels  for  the  Mipply  of  th«  coali  g&s.  It  is  vetf 
dsar  that  shoald  oil  gas  bmcRoe  genevalty  ado^rted,  part  uf  ibis 
capital  will  again  revert  t&  its  former  «mpIoyment  as  far  as  M 
■upeFsedea  coal  gas ;  but  where  it  only  dte|daces  lamps,  Htt 
clunge  will  eusEfe ;  a«d  vAisre  it  is  aabstituled  tov  candles^  ttM 
•ss  of  tallow  wilt  be  €iichaiiged  for  Ulat  of  oil. 

After  peru»ng  tb&  foregoing  observations  upon  the  cMtpm* 
live  advantages  of  oil  arM  eual  gas,  and  wfaieh  I  have  ende»* 
lotined  fairly  to  state,  I  think  it  will  be  gensmlly  infemii  thai 
tbtttwiaer  is- greyly  preferabteto  the  latter;  thai  on  every  point 
ini«lu«h.t  bweexaminedtheiti,  itfauKthe  adifantage;  that  it  is 
much  purer  and  better  adapted  for  every  purpose  a€  lightii^j 
UntitiS'  pr«pa«it  with  mu«^  grealer  fecH^;  thai  rt  roMuireK 
nuoh  IttBB  capital  to  estabtish  works ;  tliat  it  may  be  prod«««A 
aure:  eodoomtc^y ;  a«d  that  it  is  also  mor*  Bdmatag«<Mi»  in  ■ 
mtdaaal  pointof  viaw. 

1  fed  some  rehiotaiiee-  in  offering  this  paaef  tayowfep  iaseii* 
tieain  the  AukbU  of  Phihi»phf,  as  the  mbjeet  ef  it)  cfunot  M 
Mnsinitemd  a»purely  aciennftc  ;  but  a»  tfre  sbjeetof  seieAceiM 
to  add  to  and  improve  our  comforts  and  enjoyments,  k  tasy  Ml 
b^.  whoRy  foreign  tO'  your  object  t6  point  eat  what  sei«ntf6e 
improvements  afe  most  Hkfilytoe^ectthie.  Fpomthesamemothw  - 
I  m^ht,  alsoi  be  deteired  from  subacrifeiBg-oiyname,  but  the  beMf 
fl«ppo«tion  dtat  you,  oryovr  readers,  sboirid,  for  a  mc«n«tiC,  co»> 
ceive  that  Uie  writer  of  this  was  intlMnoed  by  intorestttd  motifW 
i»  seekang  pnb&city  to  it,  woirfd  fedbce-  we  to  owstcoraei  e»eiy 
ftvling  of  rtehictanee  cm  that  head.  I  tnuiC  my  namv  wilt  be^  • 
sufficient  gaarantee  that  1  luve  no  other  motive  for  pablishiag 
thii  than  that  which  erery  one  interested  in  soienlaftc  im|»ra»»» 
VuaXe,  and.  their  sdafrtatioH  to- the  wtm  and  cankfens'  of  rMMXfi 
Kuatfeid, 
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M,  Julin  on  a  peculiar.  Substance  obtained  [Mab  ch,- 


articj^  xn. 

0»  a  peculiar  Substance  obtained  during   tke  Distillation  of 
Nitric  Acid.    By  M.  Julin,  of  Abo. 

I  H  A  V  E  observed  during  the  distillation  of  nitric  acid  from  a  mix- 
ture of  crude  nitre  with  calcined  sulphate  of  iron,  that  when  a 
peculiar  kind  of  the  calcined  vitriol  (known  in  Sweden  under  the- 
oame  of  calcined  aquafortis  vitriol,  No.  3*)  was  used,  the  first 
conducting  tubef  was  lined  with  a  yellow  substance,  which 
proved  to  be  sulphur ;  the  second  tube  became  internally 
covered  with  fine  white  feathery  crystals,  nearly  resembling  the- 
icy  film  foimed  upon  windows  on  a  cold  winter  morning.  1  col- 
lected this  substance  by  washing  the  tube  with  water ;  the 
quantity  obtained  by  each  distillation  was  exceedingly  small, 
oinountingtoonly  aiew  graias.  This  substance  is  white,  coasistft 
of  small  fibres,  which  adhere  to  each  other,  and  it  feels  soft  to  the 
touch  ;  it  sinks  slowly  in  water,  and  is  insoluble  in  it,  whether 
«old  or  bmling,  hut  the  vapour  of  boiling  water  carries  up  a  small 
portion  of  it. 

It  is  tasteless,  but  has  a  very  peculiar  smell,  which  I  have- 
lome  difficulty  in  comparing  with  any  other  substance,  but  it 
somewhat  resembles  that  of  spermaceti.  Muriatic  acid  does  not 
act  upon  it ;  nor  does  nitric  acid  of  specific  gravity  145,  but  the' 
acid,  after  having  boiled  with  it,  showed  some  slight  traces  of 
•ulc^uric  acid  on  the  addition  of  nitrate  of  harytes.  When 
boiled  in  concentrated  sulphuric  acid,  it  sublimed  through  it 
unchanged. 

A  strong  solution  of  caustic  potash  dissolved  a  very  inconsi- 
derable portion  of  it,  and  gave  with  acetic  acid  a  trifling  precipi- 
tate; which  was  too  small  to  be  examined,  excepting  as  to 
colour,  and  from  this  and  a  slight  smell  of  sulphuretted  hydrogen 
gas;-I  judged  it  to  be  sulphur. 

Oil  of  turpentine  dissolves  it  easily,  when  heated.  On  coot- 
ing,  a  great  part  crystallizes  in  small  needles;  it  also  dissolves 
easily  m  boiling  alcohol  of  0'816.  On  cooling,  the  greater 
part  is  deposited  in  crystalline  fibres,  hut  a  small  portion  re- 
loains  dissolved  ^  for  the  solution,  on  bdng  poured  mto  water, 
renders  it  turbid.    The  alcoholic  solution,  when  distilled  with  a 

feiule:heat,  left  the  greatest  part  of  this  substance  in  the  retort, 
ut  tile  distilled  alcohol  still  retained  enough  to  render  water 
turbid  by  precipitation. 

■  ThiiTifn'nl  nrWillim  in  tTiriratrrnf  thn mmit  of  r»hlnn.  ■nil  mlbntoJ  ftoin  lh« 
mck  Jifter  the  vMcr  hu  been  pumped  out,  it  a  impnce,  and  »«int«iT«  gtacnDy  •  md 
pntjon  ttppitf. 

f  Hw  iMillMiaii  b  CMiied  onin  ui  itm  nHnt,  with  K  ttednr  coUMClid  bjr  Am 
tabf*  in  iJw  nwnn  of  m  Wgolb't  ippaiutu. 
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Held  in  the  flame  of  a,  lamp,  it  burned  with  a  greenish-blue 
flame,  giving  a  slight  sraell  of  oxymuriatic  gas;  and  when 
healed  in  a  glasa  tube,  it  melted,  boiled,  and  sublimed  in 
needle^,  at  a  heat  between  350°  or  400°,  and  it  aublimed  slowly, 
in  lopg  needles  without  melting  at  a  heat  of  about  250°. 
'  Potassium  burned  with  a  vivid  flame  in  its  vapour  in  an  opea 
tube ; ,  a  great  quantity  of  carbon  was  deposited,  and  water 
poured  upon  it  gave,  alter  saturation  with  nitric  acid,  a  copious 
precipitate  with  nitrate  of  silver. 

The  small  quantity  which  I  have  as  yet  obtained  of  this  sub- 
stance, and  want  of  leisure,  have  prevented  me  from  making 
more  experimeate  upon  it ;  but  I  purpose  doing  it  as  soon  as  the 
one  and  the  other  are  more  at  my  disposal:  till  then,  1  suspend 
forming  any  opinion  of  its  composition.  In  some  respects,  it 
seems  to  resemble  the  perchlonde  of  carbon  which  Mr.  Faraday- 
has  lately  succeeded  in  producing,  and  has  so  ingeniously 
examined. 

It  IS  rather  sti'ange  that  sulphur  should  sublime  unaltered  in 
the  Yapour  of  nitric  acid,  as  1  have  mentioned  to  occur  in  the 
case  of  this  distillation  of  nitric  acid,  but  it  is  really  the  fact,, 
and  may.be  accounted  for  by  want  of  water  for  the  sulphuric 
acid  to  combine  with.* 


^perimettts  on  the  above  described  Substance.  Ry  R.  Phillips, 
FKSE.  Sec.  and  M.  Faraday,  Chemical  Assistant  at  the  Royal. 
Institution.  ' 

In  order  to  purify  this  substance,  a  small  quantity  of  it  wa», 
passed  in  a  state  of  vapour  over  hot  lime.  By  this  operation,  a 
little  sulphur,  muriatic  acid,  and  other  impurities,  were  separated., 
The  pure  substance  obtained  was  dried  over  sulphuric  acid  in  the 
receiver  of  the  air-pump,  and  it  had  tben  a  white  crystalline, 
appearance;  by  subjecting  it  to  heat,  it  was  volaUhzed,  and; 
then  condensed,  in  beautiful  acicular  crystals. 

In  the  substance  thus  purified,  there  remained  no  traces  either 
of  chlorine  or  sulphur,  as  described  by  M.  Julin,  and  it  exhibited . 
tile  following  properties :  It  burned  with  a  strong  bright  flame  ; , 
U  a.  heat  t>elow  redness,  it  sublimed  without  undergoing  any 
change ;  when  passed  through  a  red-hot  green  glass  tube,  there 
was  a  slight  appearance  of  decomposition,  a  small  quantity  of 
charcoal  being  deposited,  and  the  substance  became  brown,  hut 

*  Oi  faii  dcputnic  Ibr  (be  Contiimt,  H.  Julia-  leA  the  ■bore  ■ccount,  utd  alw . 
•tae  oftlic  Bibetaiice  whidi  be  hu  dcKnbed,  in  tbe  hiads  at  the  EdiUr,  with  pffniit- 
■•n  lomakciue  of  both  u  he  wished  From  the  cucumBluice  mentioned  by  M.  Ji^a 
^""■pptaring  to  resemble  the  perehloride  of  carbon,  the  nibituiee  to  qaetlioii.  wn 
H"*"  t°  U.  FuwUy,  and  with  hit  MdaUuee  the  sddiiiaDal  Hporimentt  ncnr  dawribdl-' 
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itatyttalfocdxamdaprpmnn)  to  have  mArei)  InitSttls  dnagii;  it 

iNHiflDluble  iD'aleoaoland  etfaer,  asdcBGribedby  IVLJotin. 

AiUMtion  was  repeatedly  sublimed  in.*  stn^  retoA lillt<d  wMI 
tiiilemie,  which  was  m  aeversl  parts  mode  red-hot^  bM  «ven  at 
this  high  tempflraCUTft',  it«uff«rc»l  no  change  bv  theaction  of  tlw 
ddonne,  and  when  left  to  cool,  it  mi^peaMd  mits  origin^  sOite 
at  small  white  ciystala ;  a  minuOe  portion  was  raised  in-  rapcmr 
amr  mcroiur.  mixed  with  oxygen  gas,  and  datonated  by  liM 
electric  spark ;  no  charcoal  was  separated,  and  we  fouad  tnatMU 
esesBS'Or  oxygen  had  been  emjdoycd.  'Fhevoiume  of  Katdual 
gtv  was  pecisely  equal  to  that  of  the  oxygen  employed.  TMw 
OMt  excepting  a  aoiaU  portion  of  pure  oxygen,  was  nbsortKd-bpy* 
ume  water,  in  which,  it  caused  a  white  precipitate,  and  canned 
gently  it  appeared  to  be  carbonic  acid  gas;  This  expenowtii 
was'several-times.  repealed  with  similar  tbsoIU. 

A  small  quantity  of  this  subatanoe  waa  passed  in  vapouv  owt 
red-hot  peroxide  of  copper ;  a  considerable  portion  wagwifatihi 
laed  wnthoat  being  decomposed  ;  the-  gHs  e^tained  fromi  ^at 
|MBt  which  nuffemct  decompowtioo  poaaeiaed  the  ohamotcrr-af 
ont^nic  acid. 

-  ^e  very  minute  qusntity  of  the-  snbstmce  which  rtmaintHft 
prevented  any  further  attemp  ^to  examine  its  natMve;  and  thv 
Knowledge  we  have  of  the  mode  and  circumstances  of  its  forma- 
tion has  not  been  sufficient  to  enable  us  to  form  it. 

-  AlthoH)^  it  woald  be  prematuner  ia  gire  a  stmng  apmOMi  as 
ib>  tlitf  mcurs  of  this  substsnce,  yet  the  striking-  peculiarities  it 
piesents  with  heat,  chlorine,  and  oxygen,  have  made  nsaawimiB 
to  form  some  idea  of  its  composition.  We  are  acquainted  with  no 
otABpeund  of  hydrogen  that  would  present  siradar  phenomenn 
when  Heated  in  ehlorine  gas,  nor  do  any  of  t^e-  esoipouadA'  «C 
carbon  exhibit  the  same  reealts  with  oxygen  gaa. 

The  Bubetanoe  in  question  may  possibly  be  a  wwipcwuri-  flf 
CMrben  with  oxygen  and  hydrogen,  in  the  proportMns  reqaittt# 
to  ferm  water,  and  the  cirenmstance  of  there  bein$  chang«  6# 
volume  on  detonation  with  oxygen^aB,  might,  on  mis  snppoM)* 
tiSBi  be  ae«ounted-  ftw ;  but  it  is  di^ult  to'suppose  that  sa^  a 
cmnpoimd  would  pass  Uirough  a  red-hot  Babe,  or  sefier  exposaw 
t*a'  red  heat  on  chlorine  gas  witbo<Jt  denoaqioHtion. 

It  may  be  atlbwed  ua  to  remark,  in  the  uneertainty  whic^-w* 
ftel-reBpecting;the  nature  of  thia  substance,  that  Ave'SppearanQW 
i^ch  It- prcsentB'wouid  agree  with  Che  ide»  ef  itsbeineasiaqaiw 
bocfyr  m  this  oanti  it  may  be  erth^  » ne«»  form  of  earboB',  oii-tt> 
peculiar  substance  analogous  to  carbon.  We  venture,  however, 
dMsttideavwithMtt  ytaiag  — y€oaWb>oe<  in  (Imml  WttaMter- 
tiiirltepes  6f  beiii^  abte-ttrproewnc  taam  qf  tfag  mhtiBaev,  9aSf 
iM-shaiL  then  examine  its  properties  witii  minute  attention^  aoC 
dfcMBBM»idMdHMW*er»efthe  psa^alnriiic^ifrgiwMi  1^  ialB» i 
DKtion  and  other  modes  of  trestmeat. 
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Researches  on  th^CbtitposUion  of  the  Pru^iiatei,  or  ^errnginoat 
-  IJ^oc^nales.  By  J.  Beraeliaa.  (From.  tj»6  Anaalek  de 
.  ebimie,  vol.  xv.  p.  144,  New  Series.)* 

The  discovery  of  cyanogen  and  of  the  composition  ofhydro- 
eyanic  acid,  which  we  owe  to  the  genius  o£  M..Gay-LusBac,  is 
certainly  one  of  the  most  interesting  that  has  been  made  in  our 
time,  particularly  since  this  acid  is  found  oa  the  confines 
between  those  combinations  which  have  an  organio  ongin,  and 
those  whose  origin  is  purely  inorganic.  The  comparison  of  cya- 
oogea  witli  thoau  boiuea,  which  become  acid»  hy  theiv  oombtm- 
ti«n  with  tvydiogen,  has. amplified  the  theory  of  hy^o«yani&8^d, 
Md  ^ the-' phenomena  produced  by  its>decompOftilioa  f  bat  nev«u- 
dtdess,  (he  reseanches  subaeq'aeHt  to  those  of  M.  Gfiy-UuseM^^. 
whose  object  was  to  throw  more  light  on  the  Mitirjaet,  h»f«  isf- 
ne  means  baen.  made  with  suffi^cient  caw,  fully  bo  explain  th» 
nHnre  of  tika  Malta  called,  fenuginous  liydriu^aimitm;  the  msMt^ 
iaesrtEuit  of  the  combinatioas  of  hydrooyanic  aeid. 

We  owe  a  multitude  of  important  observations  on  the  rratnM' 
of  thesesalts  to  Mr.  Porratt.  He  found  that  the  hydroeyamtev 
OKB.  oembiue:  with^  sulphur,  foeming  a  {nu^aular  EMiJd>  wboK*' 
EHMtsficB,  uidsoiHS  of  ics- pn>|ierEies,  weve  known  before;  boC 
ia  what  th«di&re3)ea  between  dkis  and  hydrocyanic  acitt  eei>^ 
»»ta  was'  far  from,  being  su^octedv  Mr.  Kwret  was  led,  more^ 
|iKer,tti  canulu^fromliia  experiment,  that  the  iiron  whieh  enteiw- 
iato  the  composition  of  the  ferruginous  hydrocyanates,  <toes  niKf 
MRU' in  them  intJie  state  of  oxidt,  but  in  its  meullic  ibrm  com- 
bioBdwith  theoarbon, hydrogen,  and  azote;  and  thatitia,  eon^ 
^ueH%,  ona  of  the  eivmenta.  of  the  acid  io  whieh-  the  ifo». 
^ys  ananalc^ous  part  to  that  o(  the'  sulph4ir  in  the  pTBeedin^' 
oanpeunds;.  and,  therefore,  an  idea  of  the  h^FocyanwtbS' bmn|* 
<t^  with  two  hues,,  of  which  oxide  of  iton  »  alw^sone,  iv 
iMdrrect..  Several  inemoiiB  have  been  published  onthis<sirt>ieat 
%  Mr.  Porrett,-  ia  Tlioaison's  Atmals,,  the  principal  results  (tf 
wtBoh^I-fthaUdetaiL 

-  He  at  fifaCfound  fwiugRmav- hiytlroofnaMtfl  of  pet&ah  com* 
{Med  of. 

nMtari«lnazic  asw^ ...... wr,.  47'^& 

*       ■         „,.,... ....3»«* 

...,.,.,.„..,. ISfWt 


"^  same  salt,  analyzed  1^  M:  Tttner,.gav& 
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mo  Pf^'  BerxeHus  on  [Makch, 

Hydrocyanic  acid 11 

Hydrocyanate  of  protoxide  ofiion 38 

Potash 39 

Water 12 

Thomson,  who  adopted  Porrett's  idea  of  the  value  of  the  fer- 
ruginous hydrocyanic  acid,  examined  the  compositioQ  of  hydro- 
cyanate  of  potash,  and  obtained  from  it  the  following  results : 

A'i^{^:s:::;;:Sr} ^■^'' 

Potash 41-64 

Water 13-00 

Dr.  Thomsom  states  that  during  the  decompositjon  of  this  sdt 
by  another  acid,  a  portion  of  the  hydrocyanate  of  iron  is  volati- 
lized with  such  rapidity  that  when  he  poured  nitric  acid  on  the 
pulverized  hydrocyanate,  the  acid  in  the  Bask  from  which  he 
poured  it  was  coloureij  blue  by  the  volaiilized  prussiate  of  iron. 
JDt.  Thomson  endeavoured  to  analyze  the  acid,  by  burning  ^e 
salt  with  base  of  potash  in  the  oxide  of  copper  in  a  tube  of  the 
same  metnl.  Five  grains  of  the  crystallized  salt  gave  5'206  cubic, 
inches  of  carbonic  acid  gas,  and  2'42  cubic  inches  of  azote,  with 
2'2  grs.  of  water,  0*65  gr.  of  which  Were  derived  from  the  water 
of  crystallization  of  the  salt.  This  experiment  gave  2-^  volumes 
of  carbonic  acid  gas  for  one  volume  of  azote,  exclusive  of  the 
carbonic  acid  retained  \>y  the  alkali,  of  which  no  account  was 
taken,  nor,  as  far  as  appears,  any  deduction  made,  for  the  atmo- 
spheric acid  contained  in  the  apparatus  at  the  beginning  of  the 
experiment. 

Dr.  Thomson  concludes  from  it,  that  the  acid  of  these  salts 
contains,  besides  the  iron,  the  same  elements,  and  in  the  sane' 
proportion  as  the  hydrocyanic  acid,  because  he  supposes  that 
ooe  fourth  of  the  volume  of  carbonic  acid  gas,  that  he  found  in 
excess,  might  be  an  error  of  observation,  and  that  the  quanti^ 
of  water,  which  is  fouj  limes  greater  than  the  quantity  admitted 
by  this  supposition,  was  derived  from  the  corks  with  which  the 
opening  of  the  copper  tube  was  closed,  so  that  its  hygrometrical 
water  might  have  mixed  with  the  products  of  the  analysis. 
However  when  Thomson  made  his  calculations  from  the  results, 
and  distilled  the  carbon  and  hydrogen,  which  did  not  coincide; 
with  the  theory,  the  weight  of  the  iron  did  not  accord  with  the 
chemical  proportions.  "  This,"  he  says,  "  is  the  first  compound 
which  1  have  met  with  that  does  not  seem  reconcileable  to  the 
atomic  theory.  1  invite  chemists  to  the  further  investigation  of 
it.  There  are  no  facts  so  likely  to  lead  to  the  improvement  of 
the  sctence  of  chemistry  as  those  which  contradict  our  received 

*  So  in  dM  Acnd. 
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opinions,"  *  to  which  it  appears  to  me  he  should  hare  added. 
"  with  the  exception  of  those  casts  in  which  the  discordance  is 
the  result  of  an  ill-made,  incorrect  experiment,"  whenever  the 
science  derives  a  truly  negative  advantage. 

Mr.  Porrett  also  soon  endeavoured  to  prove  Thomson's  analy- 
sis inaccurate.  He,  on  this  occasion,  analvzed  the  salt  of 
potash  by  a  solution  of  tartaric  acid  in  alcohol,  and  determined 
the  quantity  of  potash  by  the  supertartrate  of  potash  produced. 
The  following  is  the  result  of  his  analysis : 

Ferruginous  hydrocyanic  acid 50-93 

Potash 35-48 

Water 13 

He  had  found  that  the  ferruginous  pmssic  acid  miehtbeinsa-  ~ 
lated  by  this  operation,  and  that  it  gave  cubic  crystals  by  spon- 
taneous evaporation.  In  an  analysis  of  this  salt  by  oxide  of 
copper,  he  obtained  four  volumes  of  carbonic  acid  gas  for  one  of 
azote ;  whence  he  concluded  that  the  acid  is  composed  of  one 
atom  of  azote,  four  atoms  of  carbon,  one  atom  of  hydrogen,  and 
one  atom  of  iron.  He  attributed  the  deficiency  of  carbonic  acid 
in  Thomson's  results  to  his  having  employed  too  small  a  propor- 
tion of  oxide  of  copper. 

Lastly,  Mr.  Porrett  published  a  further  memoir  on  this  subject, 
in  which  he  again  corrected  his  former  results  as  follows : 

Ferruginous  hydrocyanic  acid  ■{  i  ^n  "  12-fiO  r   ^^'^^ 

Potash 41-68 

Water 13-00 

Repeating  the  experiment  of  burning  the  salt  with  oxide  of 
copper,  he  constantly  obtained  four  volumes  of  carbonic  acid  gas 
for  one  of  azote ;  whence  he  concluded  that  the  acid  is  com- 
posed of  four  atoms  of  carbon,  one  atom  of  azote,  one  atom  of 
nydrogen,  and  half  an  atom  of  iron  ;  btit  this  half  atom  of  iron 
not  being  consistent  with  the  atomic  views,  he  conceived  his 
experiments  to  be  sufficiently  exact  and  positive,  to  decide,  con- 
tr^  to  conclusions  derived  from  less  complicated  and  easier 
experiments  made  directly  on  iron  and  its  oxides,  that  the  weight 
of  the  atom  of  iron  is  not  half  what  it  has  heretofore  been  admit- 
ted to  be,  or  one-fourth  of  that  laid  down  in  my  tables ;  whence, 
he  concludes  that  the  protoxide  of  this  metal  is  composed  of  two 
atoms  of  base  and  one' of  oxygen,  and  the  deutoxide  of  four  of 
base  and  three  of  oxygen. 

M.  Vauquelin  also  made  many  researches  on  the  prussiates ; 
and  his  treatise  on  the  subject  is  full  of  interesting  facts ;  but  he 
did  not  employ  himself  in  determining  the  proportions  of  its 
elementSj  wnich  is  the  principal  object  of  the  present  memoir, 
ue  found  that  prussian  blue,  contrary  to  what  Gay-Lussac  had 


SS  Mr.  Perkimt.ca-tkr.C»w^Mimiiiit^  of  Water.  [Mikmca, 
jpfleggomtid  -to  seadsf  pn^djls,  is  a  pruBsiale,  and  not  .a  cyansr 
■et.  liTaequBlin  thtai^ht,  moreave^  that  be  had  discovered  lii«t 
'Aaac  haaeB  capable  of  deeompcwiDg  walor  at  tbe-cDmnoD-tam- 
perature  of  the  atmosphere  give  hyarocyaoates,  while  .the  dIImb 

The  last  v/aik  on  this  suh^eot  that  hat  come  to  nr^  kiionkd^ 
S«ji  note  by  M.  Bobiquet  on  the  coMposition  lOf  pmssiao  bltie- 
.In  it  he  vcD&aaa  the  resulu  wbich  M .  Proost  had  derived  fram 
bis  experiments  on  the  pDUBsifttGa,  madie  loitg  Hince.  and  antoug 
others  this,  that  the  white  prussiate  of  iron  contains  potash. 
M.  Robiquet  showed  that  this  prussiate  without  potash  may  be 
obtained  in  the  form  of  small  crystalline  grains,  of  a  yeiloiv 
colour,  by  exposing  pmssian  blue  for  a  long  time  to  the  action  of 
jMlphuretted  h^tifogen  gas.  He  considien  .prusBias  blue  as  a 
jeoiobinfition  of  «yaAUKet  flf  iron  with  a  prussiate  ofd«utoxHl«  <]f 
^roo  mid  water ;  And  be  attributes  ks  blue  colour  to  water.  He 
asserts  (bait  ferruginous  prussiate  of  pcMjuh  burned  by  Joeansaf 
mticbe  inf  copper  ^ways  aSbrcled  hisi  the  gases  in  the  «ame  pizo- 
iporti<aa  to  one  anoiJitirthat  Gay-Luseac  found  tbem  in  .cyant^eft; 
:&nd  be  maintains  that  in  this  experiment  the  bwe  netaios  .ap 
.«arboaic  acid,  as  Mr,  Ponrett  had  noticed. 

Results  so  contradictory,  and  conjectures -eo  little  jost^ied  by 
MtperiaieaC  Me  not  very  well  calculitted  to  give  us  an  exaut  idea 
of  the  compoflttkui  of  efaeee  salts ;  and  alUiough  the  palib  bw 
been  marked  out  by  the  labours  of  Gay-Lussuc,  we  must  confess, 
in  spite  of  what  has  been  done  with  him,  tbat  we  jue  just  at  the 
same  point  at  which  he  left  the  question. 

M.  Proust  long  ago  proved  the-  ferruginoua  pruasiates  to  con- 
tain iron,  and  that  they  must  be  regarded  as  saks  with  double  bases, 
«ifsvliich  the  protoxide  of  iron  is  always  one,  exactly. as  alunina 
is  alwcu's  one  of  the  bases  in  the  difiereot  kinds  of  alum ;  aad  be 
fitovea  thai,  pmssian  blue  must  be-a  bydrocyaoate  in  which  tbe 
deutoxide  «f  iron  xepreseuts  the  other  bases  with  the  protioxidje. 
Mx-  Porrett's  idea  mat  the  iron  is  ajx  elejiient  of  the  acid  has 
jUwe^«  appeared  to  me  analogaus  to  that  of  cooaiderii^rtlie  pot- 
jash  in  icseam  .of  tartar  as  an  elfioient  of  tbe  acid  in  pel  de  amg- 
Utits,  or  tailar  enetic 


Article  XIV. 


On  th£  CoTttpreseibilily  of  Water.     By  Mr.  Perkiiw. 

(To  the  Editor  of  the  Axmhof  PMtM^iMy:) 

ten.  Feb.  33,  iSil. 

Iv  the  Attsait  of  Phihsepi^  for  February,  Dr.  Roget  hn 

discovered  a  very  material  error  in  my  computation  on  the  fimt 

experiment  made  with  tbe  piniKiBMttef  on  Ibe  cpE^preasibiii^  of 


^m.}  Jamfysei,^  Houki.  aft 

«MteR.  The  mil  ivrar  mm  in  the  data  ^beii^  ineoReotm  Ae 
|Wpar  rBatl  baTore  ihe  Ko^  fiociaty.  TW  .ditaensions  of  the 
^ueUfMCMr  ahoubl  ha.va  been  as  follows : 

lite  dnnaetfir  of  the  cylinder  .3.^  iodiea,  length  23f  inche*, 
1b«  pluoger-^  diiuneter.  The  Biiatake  originated  by  tal»ng  ti» 
.JimentHonB  Af  a  bsthcHDeter  vdiiclt  was  used  at  toe  time  (be 
mpBrnassO.  was  jnade. 

*       Witli  much  fiste«n,  yeura  tfi%, 

Ja<oo«  Peavim. 


Analyses  of  Books. 


'Pharmaeologia,  or  the  History  of  Medicinal  SabslanceSf  witb^ 
View  to  establish  the  Art  oj  prescribing  atid  of  compost^ 
tortemporaneaus  Formula  upon  fixed  and  scientijic  Priuciplea,: 
iUastrated  by  Formula,  in  wkic/i  the  Intention  of  each  Kleiaent 
is  dedsiialed  by  Key  Letters.  By  John  Ayrton  Paris,  MI5. 
FLS,  MRI.  &c.  &c. 

jp  ilttie publicatios  weve  entir^y  'medical,  it  would  of  eoursetw 
Jnofirapef  £o  notice  it  in  a  woik  ^ofessedly  scientific ;  but -as  % 
Hivolves  coiiaidi^ations,  aod  to  a  very  considerabie  extent,  v^'tdb. 
ieking  to  the  .scLeoce  (^  chemistry  and  the  operatwM  of  phar- 
wacgr,  I  Qonefiive  that  aome  accoast  of -it  may  not  be  midpfaoed 
in  the  Atniak. 

:  Sur.  Paeis  ims  piefixed  to  this  work  an  "  Hietorictid  Intfodoe^ 
tion,"  giving  an  account  of  the  more  prODHneM  revolutioDS  that 
iiave  occoiyedin  the  reputation  of  uedtciuataubstances;  and  ia 
itiie  tesectttioD  of  this  task,  he  has  deviated  from  the  beaten  pa4^, 
Attd  ikas  ^iven  an  avc  of  originalfty  to  a  subject  which  might  b« 
cpoaijdered  as  "  sooaewhat  musty."  This  history  will  be  found, 
10  use  the  Avtitor's  owa  words,  "  an  analvticM  inqsiry  into  ^e 
more  rEuaarkaitle  causes  which  have,. i«<diAepeDt-agee  and  oonn- 
isea,  topejtateil  in  ftoAaciag  dae  revotutioHs  ithat-cbaraoterrse'the 
Ustory  of  nediotiial  eubstanoes: "  it  wilt  be  ieopessible  bo  read 
dns  iotroduciion  without  fully  asaenting  to  an  optnion  ex^nvsaed 
liythe  late  I^.  George  faoAyce,  that  wbenever  a«ubstBBce  wns 
((ood  for  nothing  ekw,  it  was  tried  in  «Be4ictB«.  "  The  revOhi- 
softs  and  -TteuBsUudes,"  aays  tiie  eutbcn-,  "  whidh  remedies  hav« 
mdofgone  is  medical,  as  ivellas  fioptiW,  opinion,  (wm  the  igne- 
■ance  of  ««iMe  a^es,  theieaming-of  ot<bef«,  the  superstition'^ 
Aew«ak,aiid  the  designs  lof  the«rafty,  aftord  a&  aaipk  eabjed 
br  pUbM^pbicai  rafleetiiMi ;  some  of  these  revolutions  1  sb^ 
fNOoed  to  mKBstignbe,  claasifig  them  soder  the  praminent  ct^uves 
xb>£h  buts    pBowoed    them;    vis.  ■'Superstitiwi — CnedolHy— 


2»4  .Aitai^Mtt^-.Qotitk.  .  t  [HaIM, 

3cepticiHiUrT^Klae  theoiy — DevotiUi '  to  .  auUtoiity-  'SbcI  -e4H> 
.Uisbed  routine— The  assigning  txi  art  that  which  was  tbe'efibft 
of  unassisted  nature — The  assigning  to  peculiar  asbstuicA 
properties  deduced  from  ezperimenta  made  on  infcnor  animak 
•:'— Ambiguity  of  nomenclature— The  jtrogress  of  betanitsd 
Acience — The.  application  and  misapplicatioa  of-  chemic^  |AilO- 
sophy — The  ianuence  of  cbmate  and  seaaonB. on  diseases, -M 
well  as  on  the  properties  and  operations  of  their  remedies— The 
^norant  preparation  or  fraudulent  adulteration  oi  medicines— 
The  unseasonable  collection  of  those  remedies  which  are  fiS 
vegetable  origin ;  and  the  obscurity  which  has  attended  the 
operation  of  compound  medicinefi."  Now  to  this  truly  formidable 
list  of  mis  chief- producing  causes,  I  think  the  author  might  have 
added,  the  careless  revision  of  national  Pharmacopoeias  ;  unless 
this  may  he  classed  under  the  head  of  the  ignorant  preparatim 
of  medicine. 

Under  the  head  of  "  Ambiguity  of  nomenclature,"  Dr.  Parii 
bas  collected  some  curious  facts,  and  from  such  various  source, 
as  to  evince  that  his  reading  has  been  extensive,  and  that  he  hw 
neglected  no  means  of  attaining  knowledge  in  illustration  of  bit 
•u^ect. 

After  mentioning  some  circumstances  respecting  the  sweet 
tnd  common  potatoe,  he  observes,  "  A  similar  instance  is  pre- 
sented to  us  in  the  culinaiy  vegetable,  well  known  under  tht 
name  of  Jerusalem  artichoke,  wnicb  derived  its  appellation  in 
consequence  of  its  0avour  having  been  considered  like  thatflf 
the  common  artichoke  ;  it  is  hardly  necessary  to  observe  that  it 
has  no  botanic  relation  whatever  to  such  a  plant,  it  being  la 
heliotrope  (heliotropium  tuberosum);  t^e  epithet  JermaUm  is  a 
curious  corruption  ofthe  Italian  term  gira-sole ;  that  is,  tum-sim 
in  English,  or  heliotrope  in  Greek." 

Dr.  Paris  occat^ionally  enlivens  the  subjects  on  which  be  ii 
treating  (and  it  must  be  confessed  that  they  sometimes  stand  in 
need  of  it)  with  anecdotes  which  happily  illustrate  his  positions: 
he  remarks,  that  "  it  ought  not  to  be  forgotten  that  cultivation 
and  artificial  habits  may  have  blunted  the  susceptibility  of  oar 
ofgans,  and  in  some  instances  changed  and  depraved  their 
ftinctions :  certain  qualities,  for  instance,  are  so  strongly  con- 
nected with  each  other  by  the  chain  of  association  that  by  pre- 
senting only  one  to  the  mind,  the  other  links  follow  in  succession. 
This  might  be  illustrated,"  continues  Dr.  Paris,  "  by  the 
recital  of  numerous  fallacies  to  which  our  most  simple  perceptioiu 
are  exposed  from  the  powers  of  asssciation  ;  but  I  will  relate  sn 
anecdote  which,  to  my  mind,  elucidates  the  nature  and  extentoi 
such  fallacies  more  strikingly  than  any  example  which  could  bs 
adduced.  Shortly  afler  Sir  Humphry  Davy  had  succeeded  m 
decomposing  the  fixed  alkalies,  a  portion  of  patasaium  was 
placed  in  the  hand  of  one  of  our  most  distinguished  chenuBti^ 
with  a  query  as  to  its  nature  7  The  philosopher,  obsemog  itt 
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mfttA  Bod  Mfk^Mtr,  did  uat  kMitote  >n  praaooncing'  it  t»  k% 
awwiJici  aiMK  wiiling  ab  a»ee  the  kJaa  of  weight  with  tJMt  o^ 
■Mil,  t^  ewiileaoe  of  hiS'  semes  was;  even  mBufficieot  to  di»> 
WCE  idewi.ao  ii)*eau«Uy  awiouiated  ia  his  toiad,  and,  ba]aii«iii» 
the  specimen  eoi  W-  fiu^cs,  be  exclaHsed,  *  it  is  certainly 
oelaUic,  »nd  wry  jtoudepnus!' "  Now  tbi»  anecdote  is  not 
Mlatwi.  is:  diBpufBgeBHU  to  tlfte'  philosopher  in  question,  Wh«» 
Wttld  have  been  prepared  to  meet  with  a  s^ub^nce,  so  hov«£ 
tfid  aaoaaiouB,  ai  to  ovvrtam  every  preconceived  aotion  ?  A 
Metal  so  light  <iA  to  awim  upon  water,  and  so  inflaniiBable  as  ta> 
«Uch  &te  by  the  conutct  of  iee  I 

Ilo  the  same  strain  it  is  fitiFtheF  ami  bafspily  observed  by'Dn. 
Paris,  when  Westing  of  mercury,  ^t  "  mythologiats  inform  am 
that  he  was  the  winged  meesenzeE  of  the  gods,  and  the  patres 
«flhifiveB.  What  Dane,  tbecelore,  could  be  more  appropriate 
fcr  ibe  naetal  in  question  thaa  that  of  this  deity  ?  for  it  is  not 
wfy  distinguished  iroui  all  other  metals  by  its  mobility,  but  its 
•niveisal  ^ency  ha^  rendered  it  the  resource  of  those  worst  of 
ihfaves  — i|aacl£s,  lutd  noHtrum-mongers."  Dr.  Paris,  in  addition 
ta  his  own  expenaace,  and  to  the  inibrmation  gained  by  hi> 
nading  on  the  aubjeet,  bas  obtained  much  tweml  infonnatioa 
fcim  peisoas  in  distant  couDtiies  respectit^  the  influence  of 
loii,  culture,  eUmate,  and  season :  tor  parliculam,  I  otust  refea 
&e  reader  to  the  work  itarif. 

The  only  reiuainii^  part  of  the  historical  introduction  which  I 
daU  notice,  i*  that  which  treats  of  the  application  and  nisap- 
pkeation  of  chemical  science.  In  the  beginning  of  this  wctioa, 
•Me  very  amusing  and  curious  matter  will  be  found.  Atbet 
■Mieiog  the  worka  of  Roger  Baccn,  Basil  Valentine,  Paracelsua, 
Vw  Uelmoct,  &c.  he  cornea  down  to  our  own  times,  and 
hsDours,  firiit.  Mi',  Braode,  aitd  then  me,  with  some  notice  for  tb« 
wtieisms  which  we  have  occasionally  ventured  to  make  upon  tha 
lAndon  PharmacopONa ;  and  1  believe  1  may  regard  myself,  with- 
tttany  undue  pretensions,  as  a  very  prominent  member  of  a  new 
ttder  denominated,  by  Dr.  Paris,  "  Olira  Chemists; "  and  I  ana 
accused  of  exhibiting,  in  my  Eiiperimeatal  Examination  of  the 
fiharatacopGoia  Londinensis,  a  "  caustic  style  of  criticism,"  rather 
IkftB  "  any  fatal  or  m^erial  inaccuracy"  in  the  work  reviewed. 
Qreat  allowance  is  to  be  made  Cur  Dr  Paris,  in  passing  bis  judg- 
ment upon  my  examination,  for  he  is  aPellow  of  the  College;  but 
Mill  aot  having  been  so  at  the  time  when  the  Pharmacopoeia  in 
^iKitliiM  waa  edited,  I  think  he  would  have  shown  more  discr»- 
tma  in  aa&riog  it  to  deep  quietiy  in  the  dust  to  which  the  CoU 
ttge  have  consigned  it.     1  am  not  so  good  a  judge  of  the  ajv- 

riarances  which  indicate  what  is  "  fatal "  as  the  Doctor ;  hut, 
dunk,  if  he  should  tind  th«t  a  peraon  was  utterly  incapable  of 
|wfonwng-any  of  theftKictions  which  indicate  vitality,  he  wowW 
^iouclude  him  to  be  dead.  If  then  I  discover  in  a /Pharmacopoeifc 
^^ttrtaristdartii/aoiiy  which  is  not  tartar  emetic,  and  consequently 
uoftpable  of  auswenag  Uw  end  for  which  it  was  spared,  I  bars 
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l^onds  for coBcladiog  that  1  have  pointed  out  "a  ikal and  m«t#- 
:l|al  inaccuracy."  Indeed  the  College  seeio  tobave  ooncurred 
ivith  me  on  this  point,  for  the  procesa  of  which  I  complaiDed  ha^ 
been  abandoned.  Whether  that  which  is  substituted  for  it  is  any 
better,  1  need  not  on  the  present  occasion  inquire. 
'  ,To  proceed,  however,  with  that  part  of  the  work  which  it  is 
more  important  to  notice,  it  is  to  be  observed,  that  after  tlie  his- 
torical introduction,  we  have  the  term  '  Pharmacologia '  definedr 
as  comprehending  "  the  scientific  methods  of  administering 
medicinal  bodies,  and  explaining  the  object  and  theory  of  theur 
operation."  This  is  divided  into  two  parts ;  "  the  first  compre- 
hending the  principles  of  the  art  of  combination,  and  the  second 
the  medicinal  history  and  chemical  habitudes  of  the  bodies  whiob 
are  the  subjects  of  such  combination." 

Excepting  a  short  and  inoomplete  pi^r  by  the  late  Dr. 
George  Porayce,  1  believe  no  attempt  bus  before  been  made  to 
.investigate  the  medicinal  properties  resoltii^  from  the  mutual 
action  of  bodies  independently  of  their  chemical  action.  In  thir 
executibn  of  this  part  nf  his  subject,  the  author  has  developed 
aome  original  views  which  appear  to  be  capable  of  application 
to  the  chemical  analysis  of  vegetable  substances.  Thus  in  men- 
tioning senna,  he  observes,  that  its  leaves  "  appear  to  contain 
an  active  principle  in  combination  with  a  bitter,  which  lattei 
ingredient,  although  destitute  of  purgative  properties,  consideia- 
-  bly  increases  those  of  the  former ;  for  if  this  be  removed,  as 
happens  when  senna  is  transplanted  into  the  south  of  France, 
the  purgative  principle  is  weakened,  but  may  be  again  restored 
by  tne  artificial  addition  of  some  bitter  extractive."  This  and 
wmilar  instances  induce  Dr.  Paris  to  inquire  whether  it  does  net 
appear  that  "  certain  elements  exist  in  tne  composirion  of  vege> 
table  remedies  as  furnished  by  nature,  which,  although  indivi- 
dually inert,  confer  additional  strength  and  impulse  upon  the 
principle  of  activity  with  which  they  are  associated  ?  " 

Incurring  the  risk  of  being  again  deemed  an  "  Ultra,''  I  sh^ 
venture  io  observe  that  this  reasoning  appears  to  be  derived 
from  the  well-known  chemical  fact,  that  it  is  impossible  to  dis- 
cover,  a  priori,  what  wilt  be  the  result  of  mixture ;  and  I  am 
apprehensive  that  the  few  remarks  which  1  intend  to  ofler  upcw 
the  formulae  introduced  by  Dr.  Palis,  will  be  considered-  u 
inrelevant. 

It  will  be  seen  by  referring  to  the  work  that  "  key  letters,"  so 
denomiuated,  are  placed  opposite  to  each  ingredient  of  a  collec- 
tion of  formulae  to  denote  the- mode  in  which  it  acts.  Now 
although  these  formulec  appear  in  general  to  be  extremely  well 
composed,  there  are,  I  think,  some  instances  in  which  the  idea  of 
the  mutual  assistance  of  similar  medicines  is  carried  a  little  too 
far.  On  this  subject  I  confess  I  speak  chemically  and  theoreti> 
cally ;  but  I  would  ask,  what  is  tiiere  so  different  in  the  action  of 
oak  bark,  ^alls,  and  catechu  as  astringents,  that  a  mixture  of 
them  is  preTerabie  to  any  one,  or  at  any  rate  any  two  of  themi    i 
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IWt  tbc^e  tllree  substances  are  employed  together  in  one  fijr* 
inals.  It  is  indeed  true  that  the  oak  hark  is  used  in  the  state  tif 
Hirinnision,  the  galls  in  thatofpowder>and  the  catechu  in  the  form 
Of^cture ;  htit  as  all  of  these  bodies  may  be  used  in  auy  oftheAe 
forms,  I  cannot  conceive  the  utility  of  usin^  them  all  together 
But  this  is,  perhaps,  the  natural  result  of  my  being  an  "  Vllra." 

Dr.  Paris  appears  to  have  paid  considerable  attention  to'  a 
■ubject  of  great  importance:  I  allude  to  the  methods  of  detectings 
the  presence  of  arsenic;  and  he  has  pointed  out,  not  only  the 
toethods  hy  which  it  may  be  discovered,  but  has  mentioned 
many  circumstances  which  give  rise  to  ambio;uou9  appearances 
of  its  existence.  In  addition  te~the  copper  and  silver  tests,  upon 
ivhich  he  appears  to  place  the  greatest  reliance,  I  wuuld  beg  to 
surest  the  additional  evidence  which  may  he  easily  and  strik- 
ingly obtained  by  the  use  of  an  aqueous  solution  of  sulphuretted 
lliydrogen  gas,  with  an  aqueous  solution  of  the  suspected  sub- 
■tance.  It  is,  perhaps,  scarcely  necessary  to  observe,  that  the 
effect  which  results  from  their  mutual  action  is  the  production  of 
a  yellow-coloured  solution  without  any  precipitate.  From  recettt 
experiments,  I  am  satisfied  that  ar.ienums  acid  possesses  no  allia- 
ceous smell,  and  that  it  is  peculiar  to  the  arsenic  volatilized  in  its 
metallic  stale.  I  mention  tliis  circumstance,  because  different 
minions  appear  to  be  entertained  on  the  subject;  and  if  the  arse- 
Bious  acid  be  not  heated  under  such  circumstances  as  decom- 
pose it,  a  ready  but  rough  method  of  detecting  the  presence  of 
bsenic  may  be  rendered  useless. 

As  one  of  the  not  least  useful  parts  of  Dr.  Paris's  work,  I  may 
notice  his  exposure  of  quackery,  and  the  statement  which  he  haa 
given  of  the  composition  of  more  than  lUO  of  the  most  cele- 
brated, and  consequentlythe  most  mischievous,  quack  medicines. 

In  concluding  this  notice  I  may  observe  that  with  respect 
to  those  parts  of  this  performance  of  which  I  may  be  sup- 
posed to  be  able  to  form  an  opinion,  that  opinion  is  highly 
favourable ;  and  although  the  work  is  evidently  intended  to 
afford  pharmaceutical  and  pharmacological  information  to  the 
junior  membera  of  the  medical  profession,  there  are  many  of  a 
maturer  age  who  may  receive  much  benefit  from  its  perusal ;  and 
it  will  form  a  useful  addition  to  the  medical  library.— At/. 
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Feb.  Iv— The  Bakerian  lecture  on  the  best  Kind  of  Steel,  and 
Form  for  a  Compass  Needle,  by  Capf .  Kater,  was  read.       , 
p  2  ,  .i^.ixv^lc 
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i^ieiiUxa6,}ioc)t.  atiPlynouth,  by  Mr.  Wtiidby.  -t 

'  „.At  the  Buue  ine«tuig,  a  pBfie«,  l^l>i..HOTgy»'of^Mimhn<ti^fi 
iicas  partly  read,  oa.  the  Aeritonn.  Compoiwda  of  Cbaiooai  aaif 
HA'drogeu,  with  sonac  additiooAi  ExMnnwolW'OBAlMGiueiii'nnsi 
Cfclan^CoaL.  ! 

Feb.  16. — The  paper,  by  Dr.  Heniy,  oa-the^  AfiTifbrai  Qdfa- 
Dpunds  of  Chjircoai  and  Hydrogen,  was-raftaiuftd. 
,    At  the  same  meeting,  a^papvr  was  ready  l^the  ftert  Dni 
^ol^ertsaa,  entuli^,  "  UlMsrvatiooB  oi  the  ESobpse  x^  tbe  Sust 
flnSept.7,  182U."  . 

,  At  the  same  Qieetiagjiko.aaotU]«'Waa  r«ad,resp«!tMg  alunKi 
yplcatio,  by  Cajit.  H.  Kater. 

;  Vapt.  K.  licat  observed  tbis  volcaiio -on  Snn^y,  Feb.  4»  thm 
fiaon  beiDc  then  tw«  clays  old )  its  appearance.  wa8<  that  of  ai 
at^ull  nebula,  of  variable  brightness,  aubtieiidingian.fiBgl0'of  3i^' 
or. 4".  Its  distance  from-tbe  edge-of  the^moon'  w&a  l*iUt^)hat« 
diaijaeteriandon  the  6th,i  the  auglfi  itfuiaied  with  aJtns  jrand- 
iug.  the  cusps  was.abtuit  Mi°- 

,J:i0.1i2.—,Iic.  Hemy'sftapierj  on-itlie-A>«rKorn^Coapoanda!t)£i 
(!!barc9aL  and.  Uydt-t^en,.  was  conduded.  > 

,  ,Tke  ol^^ct  firet  }ii|:opMed.,by  the  authori  was  to;emaiisefth*i 
af^fiuxapy  of  those-  viawsof  the  cotnpoiuidB  ofioharAOaland-liydnM. 
^(),whii;Uhad  ariaen.outof'his  foTi«er«iLpe«iaieftta,  andithmamitii 
|^r-,D>^!t(Ui|^peciully.whstbef|^«reteftcen)po«adMrswerHi9W 
itft^  t^haractefs  to  light  carbureCted  hydci^on  gas;  tbe  ezistetio^ 
ojf[¥)itch,jbttd.I>een  oaUed  in  queslioii  ia  »Jsta  SakeriaB  leK>tafe> 
Toia,  after  aUentively,  .a«d  (A  varHMia-ttinea,  .ananiMiHtglibefgaSn 
fram  stagnant  water,  he  promiuncea  tobea  diatinat  chemical, 
-compound,  hftving  uoitwaily  tbe^anecoiap<njitioe''and  chemical . 
ptop^rties,  and  the  saute  speci6c  grttijity<(tji66f>).  tt  is  conat^ 
ttft'ed  of  100  parts  by  weight  of  charcoal  imiled  with  3i'4(J  ot 
^yUrogen;  while  olehant  gas  consists  of  10.1  charcoal  +  16*70' 
fay^rogen.  £[eace  i(  the  latter,  be  considered  as  a  corapouikii>of. 
one  dtoni  of  charcoal  and  one  atom  of  hydrogen,  carbureted-. 
hy,d(ogen  must  coosiat  of  one  atom  of  charcoal  and  two  atoms  of 
hy^rogeoi^aod.  us  100  cubic  .iaabes-  o^carborettedbydct^mi 
qontain  hydrogen  equivalent  to  200.eubio  webes  ofrhydrogen  gat/i 
bi^  suggests  the  v-erificBtion  of  the  Epeciflc  gr&vity  of  hydrogeti' 
Kaa,by  that  of  carburotted  hydrogen,  and  tinds  that  ;iti  this  wayt 
It  cornea  out  0'0t)98,  making  the  relative  weights  of  the  atoms  oB 
hydrogen  and  oxygen  very  nearly  as  I  to  8.  The  atom  of  char-u 
coal. also  he  estimates  fnooif-thQ  oomposition  of  carburetted; 
hj^drogen,  and  of  carbonic  acid,  at  6.    .  '■••■, 

His  next  experiments  ratMe>«o  the 'bBst'mfntna'ofnatialyiiiii^ 
itliaturBfi  of  Die&ant  gas  .with  hydrogen,  oarbiiretDed  hydro^n, 
Qjtiftaiibonio'  oxide ;  asd  «f«Ieiiant'gas  with'  all  thos4  three  gasesa 
Cblo«iti«„  he  -^howBj  aauf  bb  jtoqilayicdv'with'petfeclt'  ModM««^^ 
p,tdVi4te4t  ct^rtMQipi^sautiDaaAnes^ducrsed^niifcb  at«iH|iw:rfhtlt 


»<«an«Wl'm*t*«rTwpi*Pi  l^echiefof tfresFtethe-wmptefe  eillla- 
•wm  of  H^l.for  iti'thBfcast'nlefiantgas-dlone  is  tcmi:tens»d,bdt 
'BfwMhe'fiHnt  Itght  Of  "a  vloody  dffy-was  ftninrf  sufScietit  tu  cauM 
•the  d^ieedy  ffction'of  chkmile  dii'the  other  gasea.  The  pitpW 
^WentiHTniKlso'UnvctiianH  feranalyting  mmores  cf  hydrogen,  call- 
fretted  hydrogen,  ■and  catbotiic  oxide,  but'these,  frotn'thflit 
'BMilK,  ^re'ineapaMe'AFabfidGpineilt.  ' 

■Bythe  analytical  procenses  thns  estafWished,  he'proceeds'tk* 
^Bmine  the  composition  ■  of  oilgas  and  coal  gas.  TheTef>otlK 
(•re'givcn  in  tables,  bat  tii«  gaieral  issue  of' the  experiments  4& 
ifcat. oilgas  (-as  he  had  lurmtriy  shoivn  with  respectto  coal  gaB) 
ia'Trty  far  frowbefng  untfbrm  m  cfntiposition,  biit^ld^rs  grfath 
■in -specific  gravity  and  combastibihty,  when  prepared  at  different 
timea  even  ftoai  the  same  kind  ofcil,  owing  to  Tdriations  df 
'temperature  and  other  circumstances.  Essentially  the  gus* 
■ftwn  oil  and  from  coal  are  composed  of  the  same  ingredientSj 
"fcooghm- different  proportions,  viz.  simple  hydrogen,  Itghl  calf^ 
tnretted  hydrogen,  ana  carbonic:  oxide  gases,  with  the  addition 
«f  variable  proportions  of  un  elastic  Hnid,  which  agrees  with  61^ 
*«nt  gas 'in  being  condensible  by  chlorine,  but  cffnsumes  toofte 
•Dxygcnand  gives  more carbonix!  acid, 'by  combustion,  and'ha^li 
Jiieher "specific  ffravily  than  olefiant  gas,  and  eten  than  stmQ- 
ipnericfm-.  Whether  this  lingredient  be Btrictly  a  gas,  perm^ 
•ent  ftt  all'teoTperatnTe;,  or'a  inixtore  of  alt^nt  gas  with  sottlfe 
WMT  gas.'conMitmed  of  hydrogen  and  fharcotkl  in  "difftrent  pfB- 
^HJttions  from^what  are  fomid  in  the'known  t:ompoundsof  tniM» 
<^eiDent8,  or  mere ly^e  vapour  of  a  volatile  oil,  be  leaves  to  lib", 
ifecitled'bya  future  train  of.experiments. 

€MM««lB<Ga  'Pff  I LW9OFM10«L  -««CIBTT. 

Address  read  at  ike  First  Meetiag  of  the  Cambridge  PAilqmphie^, 

Societif,  ilaliiig  tite   Dmgn  and   Ohjecls  <(f'  ita  ItittHitlivuiti 

virititit  at  the  RtqueU  oj  the  Cfjiiucii,  6^  Edvmrd  ItauiU. 

Clarke,  1,L,D.  .i^raj'easor  oj'  MiMeralifg^  in  the  Vnivtiivitjf  _iff, 

Cambridge,  -^c.  ^^c.  , 

At  the  opening  of  the  firstmeeting  of  the  Cambridge  Philo-' 

■ojihical"^ciety,  the  Members  of  the  Councif  avail  themsetres 

*f  the  eariiast  opportunity  that  has  been  offered  to  them,  df 

expressing  to  the  Society  their  congratulations  upon  its  Institu-! 

tion.     Convinced,  as  they  all  of  .tnem  are,  of  the  sdvantBgei 

)>k.t\j  to  TMuIt^om  the  establishment 'of  sucit  -a  Society,  w^ 

^  Dot'hesitate  to  declare -their  opinion,  that  an  evrent  of  moce 

iniportance,  as  affecting  the  beat  mtaresteof'wireace,  bM;n»dy< 

•Murred  in  Iheanmlsof  the  Univenity. 

-A  century  has  now  elapsed  since  the  cetclbrated  WoodwaiB 
pefis«d  the  following  axiom  tohia  "  £a»^  upon  the  NAtural 
mtofy  of :th«  Earth,"  which  tobk'tbe  lmd>in«al]j««teof  seoto^' 
|ictl -uqwiiy.    '""Prota  a  lang strain  "Of  vxpeneaee^'  sua  'he. 


330  Ptweedings  of  PMhaopkieai  Sadelia.       [MMflil} 

"the  world  is  at  length  convinced  that  obatrvatiom  arei tbR- >onl|p 
sure  grounds,  whereon  to  build  a  lasting  and  substantial  .philo^ 
aophy.  Ail  partyes  are  ao  far  agreed  upon  this  matter,  thaCtt 
teems  to  be  now  the  common  sense  of  mankind.*  "  For  dwt 
reason,  when  he  composed  his  work,  as  he  himself  states,  "  He 
gave  himself  up  to  be  guided  wholly  by  matter  of  fact,  iuteodiug 
to  bteer  that  course,  wnich  is  agreed,  of  all  hands,  to  be  tho  best 
and  Purest ;  and  not  to  otfer  any  thing  but  what  hath  due  warrant 
'from  observationB.t     Unfortunately,  for  the  fame  of  this  distin-' 

Suished  naturalist,  and  for  the  University  to  which  he  bequeatfaetf 
is  valuable  collection,  the  want  of  a  Society  affording  the 
means  of  philosophical  communication,  caused  his  imoieiiM 
treasure  of  facts  to  remain  hoarded  in  a  place  by  no  means  wot- 
thy  of  the  collection,  or  convenient  for  its  arrangement.  Hence 
the  hardly  credible  truths  which  are  now  beginning  to  come  W 
light  respecting  the  Woodwardiaa  collection  ;  hence  the  extraoF^' 
dinary  circumstance,  first  made  known  by  the  late  Profe3aor,th0 
Hev.  J.  Hailstone,  that  the  corundum  stone  (a  substance  of  snell' 
singular  utihty  in  the  arts,  and  whose  supposed  discovery,  as 
distinguished  from  other  minerals,  was  attnbuted  to  Dr.  Blacks 
,of  Edinburgh),  was  not  only  known  to  Woodward,  butspecimenfr 
^f  it  existed  unnoticed  in  his  cabinet  many  years  before  I^' 
Anderson,  of  Madras,  sent  to  Europe  the  examples  i^oQ' which' 
J)r.  Black  founded  his  observations.  The  same  may  be  said 
with  regard  to  other  bodies,  and  especially  that  remarkable  sub>' 
stance  called  the  native  meteoric  iron  of  Pallas,  also  inthtf 
^Voodwardian  collectioji.J  To  obviate  even  the  possibility  of 
such  occurrences  in  future,  to  lay  open  channels  of  com  muni  car' 
tion  for  facts  connected  with  theadvancement  of  philosophy,  and 
also  to  brings  together  men  who  are  engaged  in  common  pursuiU 
of  science,  is  the  main  object  of  the  Cambridge  Philosophical 
Society.  The  eeal  and  promptness  which  have  been  manifested 
iW  its  eEteblishment,  and  a  view  of  the  names  which  have  been 
already  added  lothe  list  of  its  members,  excite  a  reasonabls 
bopethat,  by  means  of  it,  a  fund  of  valuable  information  muybs' 
gradually  accumulated.  Some  idea  may  be  formed  of  the  usfr* 
nilness  of  such  an  Institution,  simply  by  referring  to  the  various 
periodical  Journals,  edited,  either  oy  individuals,  or  by  sDcieties,- 
fh  different  districts  of  this  kingdom;  in  which  the  philosophical' 


le  Aulhtn,  p.  S, 
dver  on  porpoie  ti 
iMng  a  OKial  an< 

^^kwM'Thingi  on  allhwda  w  llley  presented;  in  order  to  iatortn  niy»t]£  of  the  prant. 
tondilioa  at  the  esrth,  and  all  Bodyn  contiuned  in  it,  M  far  u  nther  Grottoi,  or  oAd? 
tfattmil  Crn«r>Wi  Or  lUhiei,  QvarHet,  ColrfUi,  and  tha  like,  let  ne  into  it,  and  dbJ 
plBTEdto^ghttheinteriix^iMtipfil."  ■  li) 

i  To  pion  Ihii  remarbibU  fact,  Pnrfoaor  Hailstone  purchaeed  a  tpedmeti  irf'tbt 
MMUBtiumml iMbof  ^Uasf wAfiacad-niD  tbeWMdwiriSu coUectioa  hj^AifciU* 
rf  WaoJoHd'iapedmm,  Ihat  tbtit  jdantitj  might  bt  lh»  aiiiia  ««ii^ygwi vil  if,  ; 
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^^pbitHitbos  of  .tJie-awmtMrs  <of  tiiis  University,  being  fnttercd 
sodiaquaitdered  awayio.detkcbed  and  distant  parts, appear  to  b» 
slmost  without  existence;  but  if  the  same  scientific  productionA 
had  been  coi>centr&ted,  their  testimony  of  the  indusiry  and  abi* 
Ikies  of  their  authors  would  not  only  be  creditable  to  the  Univer' 
Wty^  but  would  also  tend  more  etlectually  to  tlie  advancement  of 
^lence.  It  is  one  of  the  objects  of  the  Society,  that  a  volunut 
&r_  giving  publicity  to  such  writings,  should  occasionally  he  sent 
tbrtb,  not  at  any  fixed  or  stated  perioda,  but  so  often  as  due  and 
^proved  matei'ials  can  be  selected  fur  thk  purpose,  and  to  this 
^d  it  is^roofiBed  that  Philosophical  Comaiuiucations  should  be  . 
^uouraged  from,  every  quarter  likely  to  afford  them,  by  reuden- 
iag  to  their  authors  every  possible  assistance  which  may  b* 
^ece^ary  for  their  publication.  Letters  have  been  already 
.transmitted  from  the  Secretaiics  to  person;*  who  are  likely  to 
l^fomote  the  intentions  of  the  Society ;  and  it  is  requested  that 
911  its  ntembers  will  themselves  further  the  designs  of  the  Instil 
-^tion,  by  inquiring  for  communications  relating,  to  the  sever^ 
b(anches  of  natural  history,  and  natural  philosopby,  especially, 
by  oiQaDS  of  th^ir  foreign  correspondence, :  and  the  ohservation*. 
Wey  may  beabte  to  collect fiouLScientific  men  ei^aged  in  foreign 
^jfi,  w  hatdoever  may  tend  to  illustrate  the  history  of.  wm- 
^iwal,  tbe.  wgetftble,  or  the  mineral  kingdom ;  of  organized  or 
.4f  luioi^aiiii^d  existences  ;  will  be  deemed  valuable  acquiaiboiit. 
Of  course,  it  is  hardjy.  necessary  to  add,  that  all  papers  on  tbl) 
-^t^ects  qf  zoology  in  all  its  branches ;  of  botany,  mineralogy, 
geology,  chemistry,  elactrioity,  galvanism,  magnetism,  and.ul 
lisathematical  communicatioqs  connected ,  with,  the  subjects  af 
ijatgral  philosopby, :  will  be  thankftiUy  received,  and  always  diUy, 
wknowledged.    . 

Thq  want  of  a  sufficient  incitement  to^yards  inquiries  of  thi» 
4f>l^UJ:e,  after  University  students  have  commenced  graduates^ 
l|Bs  been  sometimes  considered  as  a  defect  in  the  schemet  qC 
jVmxersity  education.  At  that  important  period  of  Uie,.wheii 
^  application  of  philosophical  studies  shpuld  begin,  academicajl 
-Uudient^  aieem  tohave  acted  under  an  impression  that  they  havv 
Wught  tbeir.  studies  to  a  termination.  Or,  if  a  diHpositioiL 
should  prevail)  to  approach  the  studies  of  riature,  under  tb(t 
iWnviation  that  it  is  better  "  de  re  ipsa  quarefe,  qaam  mirawi,*  " 
this  tendency,  of  such  incalculable  value  in  youthful  minda, 
b^omes  checked,  either  by  the  retirement  or  consequent  wapit 
.4rj|iter^<H^rae  with, Uteiiary  men,  to  which  the  culls  of  professioifitl 
^aties.coftsiga  tbem,or  by  the  litde  honour  which  in  allouTUniverst- 
^■has  hitherto  awaited  the  inquiry.  The  valedictory  observv 
fiPQs  of  £|ishop,\Vatson  afford  a.decisiKe  confirmation  of  tbi4 
tratb. :  t  and  the  reproaches  cast  upon  our  country  by  the  celoc 
hrated  Kirwan  |  may  be  still  considered  «b  atotakegetber  ibap- 
IP  IhHH,  TCl.-il.  p.41tv  i«^  ISIfc". 

-J     •:■.-•..  '.-..:.   ,^,li-J«,S,i,f   « 
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fboMe.  "  It) Strntenaad  GeMiaa^'" mtHfefkB, '"  vntmttAagfh 
•drantkrred  as  a  scwoce  worbby  the  raCentieB  «f  g«wcwiMMfc 
XbeM  areCt^ges  in  which  it  is  Mgidofly  taught^  -it  •fmw'a 
dialinet  and  honottrsblu  protasaton,  Jttce  that  of  >die  soh^r,  >lla 
VKchant,  or  the  barrister;  its  superior  ofiieers  fuFm  -a  utn-Bf 
'Ifae  •^onoistratiOB  of  the  stat«.  Young  «t«46ntB  tftmaffit  *nA 
the  knowledge  t«  be  aoquired  in  their  own  ooantry  are  «Mt 
idDToad  to  gtean  all  that  can  -be  -colkded  from  a  mote  divowifiwl 
kiew  of  nature.  This  axam^k  has  been  'ibHott«d  by  Fmhoi^ 
fiuRBtli,  aad  i^pain.  <!!heinistry  too,  the  parent  of  Aii«eralogy,lii 
•alhvated  by  lli«  wOBt  enlij^htened  nations  in  Europe,  amlpatli^ 
oolarly  in  France,  with  a  degree  of  avdour  that  approaches  W 
•nlliwiasB).  In  England,  or  the  oo^tpaity,  it  reaeiv«a«o  encoak 
Tagement  from  the  fjiiblie."  Theae  obeervattena  whieh  ttMt 
•itiiiieot  nftturaliM  then  applied  to  the  studies  mi  w)uob-he  tMfc 
iDore  particularly  engaged,  may,  to  a  eenaia  -  extent,  be  fti 
•directed  towards  every  oclier  bruneh  Of  natural  philos<^>hy.  •!• 
ftbe  pot^thumous  works  of  Dr.  HookCi  which  were  defiicaied'li 
Sir  t sitae  Newton,  "when  be  was  Preeidont  of  the  ftoyal '^oCMfJi^ 
jby  its  Secretary  Wail«r,*  we  find  their  at:tbor  aiaiDtttiinng,  4hrit 
^e  negkot  'showo  -to  natural  philoB0]4)y  has  baeii  <chaiat)tefHi^ 
mi,  niit  of  this  -country  alone,  but  of  aU:nalM]n8.«nd  ia  all  agui- 
fMicar iMd  oaen,'*  he  'oowplaiQa,  "lake-ot%.«,  ixanamf t -Vfewtf 
satural  phibaophy  in  their  pairaage  Co  otberihiiigfl^  Jthiiiki&|;4 
•ufl^ient  lo  be  able  to  'tal^  of  it  in  the  phrase  of  the  Bobdol. 
Jfor  is  it  only  so  now,  butit  has  been  ao  almost  i&  all  agfls^;  W 
lAiart  for  about  2066  years;  rf-Trhwh  'we  'ha*e<60tae  aooount  *• 
lastory,-  there  is  Hot  above  one  qaaFter  of  that  spaee  'in  "wbiA 
.  iBen  hevebeen  pbilosophioaliy  given ;  atid  aBiOi^«utih,  88 lux* 
been  so,  several  of  them  have  been  so  far  disjoined  by'thne.'ln^ 
f^^,  and  olimate,  by  Bnanner  «f  «ducationj  manflprp,  apd 
(Vpiniuna,  and  divers  other  prejudices,  that  ft  could  «dt  ^ 
'wpeoted  ttvhoald  flaalie  any  considt'rable  pro^ifretie." 
.-•Vat-tbe  eAeet  of  euchetudies  upon  theiuind,  eoid  e«q>eoHA)y  in 
iplaceB  appropriated  to  public  education,  and  in  an  ag^e  >>'Mll 
njae  philosophy  and  irr^ligion  have  been  so  alarmingly  taaiOt- 
^tedy  oiaypeFbaps  secure  fortbem  a  mere  favourable  reeeptiolK 
amve  it  ret^ires  no  ergainent  to  prove  that  the 'ewideR««sul''Hli^ 
^ionalwa^  fceep'paae,'and  are  progreesiva^  with  the 
an  natural  knowledge.      ' "'  '        ""        -    ■     ■ 


^        After  a  long  life  entirely '<[_    

rtli6B'of>nBtnMilbia(Oiy>  'Linnteus  fdatwd  ever  riK  4iMri  wli<lte 

40«r>«f  hia  museum -an 'insctiptinn  which  waif«jricdlaierd't«'(Mh>- 

■ti^'Wtfee  mind  of  every  bpppoa-ibiiJgatedeataoofcnetteti'tifAfc 

«tth-;  ImroeuivhttO-!  i^uj/ien  aOeslfy  '       .ji 

-Having  tbm«etbefove'^Secietyi^«hii»nd0ingiIWitl<«I)j«» 

-•  Hooked  PwlwaMe-rfJtauWl  PMnarttf;   »ttJgW«aa«IM'IW*ljir''* 

Und.  *to».  -  .  ^  ^  : 

L)i.-raM>,GOOglc 


«if4fcth»tftu«ion,'OKOou»ctl>iM^t6  wH  ^e  intention  ttfifhic 
■MKAin^  to  ^MisMeMtiOna  of  a"8iiborttimic  naturer.  IfwUKlM 
*eoea8ary-to 'provide  some  place  in  which  the. faturre  nreetiitfk 
m^r  be  held,  and  Where  a  repository  may  be  formed  for  ras 
llreserval^on  not  only  of  the  archives  and  records  ofthe  Socie^ 
■out  i^Ido  of  8ucb  document^,  bouks,  and  specimens,  of  natiina 
liistory,  as  mtky  heirafl.er  be  presented  or  purchased,  ^tkft 
Btmoat  economy  will -at  iproatit 'be  requisite  in  tbe  HuuMgemeDt 
«f  4be  i^oei«ty'«  funds,;  atui,  therefuve,  if  the  sensent  of  4tae 
fiBBwersitgr  eoukl  be  obuined,  it  Would  l>e  high^  deMrabfe'tfatft 
the  expenses  of  printing -lite  fioeifl^lB  iTransaotionBt  shottU-te 
^riVvfifld  by^e'llniveraitf  .*  His  Royal  HighnesB-dte'ChaneflUor 
has  accepted  of  the  office  of  Patron,  anil  his'letter,  contaitttw^ 
Ibt  ex|)re»aion  of  iiis  approbation,  will  be  read  by  one  ofthe 
^Secretaries.  The  present  Vice-ChanceJiDr,  our  High  Steward, 
toth  our  representatives  in  Parliament,  and  many  other  distin- 
guished  members  of  the  University,  who  are  not  resident,  ha^ 
Also  con^ibuted  towards  the  undertaking ;  and  thtire  is,  thsre- 
ibre,  every  reason  to  hop*,  tluit  the  Graduates  of  this  4JAi» 
versity,  who  associated  for  the  Institution  of  the  Cambridge 
Philosophical  Society,  by  tiieir  asetduity  and  diligence  in  its 
Kip|)(»-t,  and  by  their  conspicnoos  zeal  forthe  honour  and  wett- 
being  (^  the  University ;  wlil  prof6  to  other  tiuea,  that  their 
liVM  and'  thei£.ttadies  have  not  been  >n  vbib. 


BCrENTIFl'c   INTELLIGENCE,   AND   NOTICES   Q*  m^BJErT*' 
'COffN'UCT&D    Wl^ft    &CI1BNCB, 

^.'ifallbe-^tiamf  mK-Mfiteriilsfrom'FijilaHd.  >Bf  M.  JoUh.irir.JibB. 
'■'  'jW  ImjJ-  -Wl^iTftiaWon  contributing  to  promote  the  knoVleflge  'iir 
fclfi^ls  *iU  pmbably  be  agreeable  to  ynurreaders,  I  isiibniifto  jW* 
WMcMI'a  brief  TMiice  «f  an  mrestigatirtn,  ■maderhy'Mr.  N.'tfnrdMV- 
iMiH^.I'  ofilhe'cvyHdHine'rortnand'rheitftnniciU'CfintfthUMtS't^sefRril 
VlHRMt  -tnfniHtifs,'  'emrang  -which  the  Aiott  -reMHtfy  ditcovared  '«^ 
Wtnm^rft  and'pyralJHHt. 

f- '  AMifTinnif  ^-H-M.'NurtkenalctcHd  hn  namedthis  new-trimeral  riftf 
ISoutH -RDimRBaff,  wfafl  iawdl  knoiKn  to  pvumote sciBntlflc  pursuits^*  . 

f^qral.  with  unbounded  Jiberalitj,  and  wbose  attentinn  aadfsnerdiil^ 
Vanicular,  contribute  to  invesrigations  relating  to '^the  mmeralo^ 
]^|^^f)g|,  and  biifory  of  Finland,  .  ,; 

T  nr.'NoKdc»kwIdiianill«Dagintlcm*n,  apupil^Berzdiiii.   "Rt  puUiBiWftfc 
■rrUudi  Mawwligi  m  OMguMi*,"  bom  wfiicli  thi*  caBn)uu)ic«lM)iMMMM<H.<;l 
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Thi«  mineral  .i«  found  in  the  lime  quaEry  «f  Kulla,  at  Kkoita,  {n 
Roland.  The  colours  of  this  mineral  are  brown,  brownisb-yellow,  and- 
blackish -brown.  It  occurs  compact,  sometimes  in  cryBtalJine  planes, 
which  indicate  the  rhoinboidHl  dodecahedron  with  replaced  edges'; 
there  seldom  occur  more  than  one  perfectly  crystallized  plane  with 
parts  of  the  others,  they  incline  At  an  angle  of  1^0°  to  each  other. 

,  The  fracture  is  small,  conchoidal,  splinter}',  and  stiongiy  resembla 
that  of  common  resin. 

The  crystalline  planes  are  highly  splendent;  the  crystalline  transi- 
tion jidanes  sometimes  shining,  sometimes  dull ;  the  lustre  is  greasj. 
When  broken  of  the  fragment,  have  a  lustre  between  the  Tiireous  and 
•vesinous ;  when  thin,  they  are  translucent. 

Hard:  brittle;  give  sparks  with  the  steel;  icratch  gloss  and  feUU. 
-spar,  but  are  scratched  by  quarts. 

Th^  specific  gravity  of  this  substance  id  3  6096  at  60°  Fahr.  It  is 
of  light-yellow  when  powdered. 

It  melts  without  effervescence  in  the  interior  flame  of  the  blow-iMpe, 
Kiving  a  button  nf  the  same  colour  as  the  mineral,  except  when  the 
TOmc  is  smoky  when  it  is  blackish 

Five  grammes  analyzed  in  the  general  way  by  fusing  with  carbooate 
of  potash  and  dissolving  in  muriatic  acid,  yielded  '  - 

Silex 41-2* 

Lime 2i-76 

:'  Alumine 2108 

■  Oxideofiron ". im 

Magnesia  and  oxide  of  manganese.    092 
Volatile  parla,  and  lo:;g 1*93 

Neither  the  magnesia  nor  tlie  oxide  of  manganese  appear  to  belong 
to  the  chemical  constituents.  The  oxygen  in  the  lime  is  three  times; 
the  oxygen  in  the  alumine  five  times,  and  the  oxygen  in  the  silex  nine 
times  the  quantity  of  theoxygen  in  (he  oxide  of  iron,  ihe  mineralf^cal 
formula  of  course  will  be  =  F  S  +  3  C  S  +  5  A  S,  of  (F  S  +.  2  A  S, 
+  3  (CS  +  AS). 

Pyrnllalil. — A  new  mineral  belonging  to  the  talc  family. 

Among  the  minerals  found  in  ibe  lime-quarry  of  Storgard  in  the 
^int  6t  Pargas,  there  is  one,  which  at  first  was  cmisidered  to  be  crys> 
■tallized  talc.  It  has  the  singular  propensity  of  blackening  before  the 
blow  pipe  at  a  loir  red-heat,  and  it  afterwards  becomes  white  at  t^ 
higher  temperature.  It  occurs  in  opaque  sparry  limestone  accompa^ 
nied  with  feldspar,  aitgit,  skapolit,  moroxit,  and  sj^ene,  and  particn* 
larly  crystallized  with  augit,  which  mineral  often  thinly  covers  it.  Hi| 
Excellency  Count  Stelnhcit  who  has  examined  the  quarries  of  Parga 
.with  the  greatest  care,  and  .lo  whose  zeal  the  mineralogist  is  indebted 
for  the  discovery  of  most  of  the  new  l''innish  minerals,  was  also  ths 
first  who  gave  attention  to  this  mineral. 

This  mineral  is  found  in  crystalline  masses,  mid  in  distinct -cryUab  i£ 
Tcmr  varieties  of  form. 


■in  quadrangular  prisms,  of  whkh  the  angles  are  94°  S6' and  85°'^,' 
and  which  are,  Aerefore,  slightly  rhomboidal,  the  opposed  lateral  plaaes, 
._!        J  ....      ..™     ,    ,.       ...      ...         ■'       i  it!  Dppo^te     ■ 

I  it!  opposite  ] 
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tifto  and  tw|o,  difi^  in  breadth :  the  plane  M  and  its  oppo^te  ptaoti 
l^te  V);  fig.  d,  lieiog much  broader  than  T  and  its  opposite  pWet' 

3obmi«)°*9'.  ■        ; 


imx}   I  .Stmai^  JnteH^ence.  ^-' 

i  Fiff.  10  difeni- Aqk  6g.  9-Dnly  bj  the  BtMilion  of the'litfle  planet  n  :  - 

"Kg.  II,  P  oa^  129°  11'.    The  plane  P  is  at  right  angles'tothe  sxs' 
of  Acprian. 
.'Fig.  12.     Ill  thiii'tlu  planes  n  of  fig.  lOareaeen  in  combinatioS; 
Pand/offig.li.     H  on  PlSSfSC.  .         ■ 

The  crvBtals  seldom  occur  perfect;  they  vary  in  size  from  verj 
fmall  to  tne  length  of  i  and  'i  inches,  S-tOths  to  4-IOths  of  an  inch  la: 
breadth.  The  colour  is  sometimes  greenish.  By  long  expiHure  to 
air  and  light,  the  coloured  crystals  become  perfectly  white.  Their' 
surfare  is  dull.  The  lustre  greasy.  I'Vatlure,  dull-earthy.  Trans-- 
lucent  only  when  in  thin  lamioie.  The  crystals  are  more  or  less  cohe* ' 
rent:  gome  rendily  crumble,  and  are  then  unctuous  to  the  touch'; 
others  are  harder,  yiddingto  the  knife  but  not  to  the  nail,  and  fed ' 
thru  harsli  ia  the  -fractura.  The  saote  crystal  is  eometimes  bard  in  onv 
end,  and  Dot  at  the  other.  It  seeniB  to  harden  in  the  air  By  fracture 
three«:<ided  prisms  are  very  easily  obtained.  '  Its  specific:  gravity  is 
2-55.5  to  2-.W*. 

The  powder  put  upon  a  red-bot  spoon  pbosphoresoes  with  a  bright. ' 
bhiish  light. 

When  heated  with  the  blow-pipe  at  a  litUe  below  a  red  heati  i^ 
becomes  blackish,  and  by  continued  exposure  to  this  htat,  it  is  ren- 
dered white,  swells,  and  mehu  at  the  edges  into  a  white  darnel. 

It  melts  with  borax  readily  into  a  clear  glass,  wbicli,  by  adding  » 
little  nitre  shows  traces  of  manganese.  A  little  of  the  pbiisphate  <^ 
loda.  or  ammonia  added  to  a  button  of  borax,  saturated  with  thv 
mineral,  renders  it  afler  cooling  an  opaque  and  white  enamel.  A  little 
piece  of  the  mineral  heated  with  glass  of  phosphorus  eflervetcei 
ilttbtly.at  fiist,.but  tbey  e^ntuaily  combine. 

>Vith  soda  it  melts  to  a  clear  glass  i  with  a  yellowisb-green  lii^ei- 
tbe  colour  is  aio>t  e«s>ly  ^istinguifhed  upon  white  paper. ' 

t.31ie  analysis,  whi^I]  was  conducted  in  the  usual  mode,  viz.by  hesl^ 
i^g  ve.fine  powdured  mtneral  with  tiiree  times  its  w«igbt:oarbonate'oC 
potash,  dissolving  it  in  muriatic  acid,  gave 

Silica .....-.<  56-62 

M))gnesia 2338 

Alumine •-  3'38 

«             .    .Lioie 6-58 

., .                Piroboxide  of  manganese 0  98 

Peroxide  of  iron 0-09 

,                    Water S58 

f             .  ,  Biiuiiiiaoui  matter  and  loss €'38.                    •. 

v'  "        .  '■  .loooo    .    '    . .  ..' 

.To  aueoipt  a  fonaula  for  thi>«BiMral  before  It  i*  detanniaed  whe- 
ther the  bituminous  matter  belonu  to  ibe  chemical  culUpmiMtt'tH'  no*  ' 
*1>aU  certainly  be  pranature.  Bitt  tt  may  be  obtenred  (hali'^as>  tbs 
'>j^iiea  of  the  aluiniw  «nd  limq.jis  equal)  and  that  «£  tt».  silioat  ■i>- 
timi,  of  the,  magnesia.,  six  tinws,  ofibewatar  twiveythc^uaniitf  of: 
ofil^en  in  th«.aiua)ine,,tiieii'utiwi«iia  Jikely.Io.-^ba'A  8'.  ■*  C.Sii^ti 
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S  1%  S*->h:8-.Aq.  iniBMk.iiK  «■«■■■  iiaw  Ji-<— aMewrt  « 
bt^gn  to  die  (iwoiioat  compowiHtn. 

dwDge  or  colour  when  expowd  (o  heat,  iVom  white  tn  dmk  -imAtnm 
4«fk  .to  nrlwe  flgM.  the  mom  pJ^dl•li^:ibMNd•r'tbe  Grackxtw* 
•V  »*d  ■'Ax,  waa  given  to  it. 

II.  Mutittfi  I»felliftmte. 
M  the  ktietr  emit  of  Deeemfoerlaat,  (he  ihird  of  the  new  -«nin  ; 
••■gines.erscteil  on  the  Coimtllflalcd  mtne*  near  Redrath.-tn  Cornwin, 
•mm  jiut.to  work ;  and  ■•  two  of  thew  machtntv  are  of  a  tarjteriliK    . 
4ben  WM  r*er  before  attempted,  and  as  the  concern  is  one  of  gmt 
extent  and  interMt,  Mme  Hcconnt  «f -h  any  be  aeceptiklble  to  ott   i 


'1  he  underttkh^  intitidn  fnar  m  fire  copper  mines  nearty  al)}lA^ 
ing,  and  on  the  lame  veins,  form erij-  woi4<ed  very  profitaMy  in  dferintt 
iportioD*,  until  owing  (o  difflcnhies  in -pumping  the -water,  and  other 
circumstarceM,  they  were  gradually  abanduned  about  t6  years  since. 
.  The  iatpvoveaient  in  the  u»e  rf  4team  power  since  that  period  is« 
prominent  reason  for  expecting  advantage  to  tboie  who  have  had  tht 
spirit  to  Ttnew  llie  workings,  though  there  are  many  others  Whhbh  aif 
Mpoftant,  Mi^h  aa  iitcraawd  skill  in  the  mana'gement  of  iftining  nnh 
ceceet,  «ad.  a:  reduction  in  ihecoat  nf  Mbour  and  those  materials  wniA 
ane  moat  ^rgetycroiwomed.  The  present  company  tiare  "engiafrnl  ■ 
Mpjlal  of  about '<>B;0(tOJ.  in  the  cmicera,  andliie  whnle  h  under' tht 


„_    _  «rfCapi.  William  Baveyatid  Mr.  3dhn  Taylo 

IDie  exMtt-oiiitndei^Erotind  workings  to  be  drained  bTetycCTwiHw 
Mm,  Tomiiivg^br  abmit  -•  mite  in  lei^h,  and  reaching  M'the  lowell 
fart  to  a  depth  of  about  ISOIMionK'tfndiBMhcsdil,  wJerel  by^tA 


It  is  diadia^tcd  towards  the  sm. 

To  keep  the-«diole  of  these  exesvatimw  dry,  and'tovnaMe'the'ininM 
4Bte'«aaK'dOTpn-,  uhveeefigineeihaWbeen  eivcted  by  Mr  ftttbor 
Woolf.  One«t'lhewestemextreroity  of  the  ground'hnvlng  a-cylinlW 
•f  70  inches  diameter,  which  woibs  fe<puinp-aboUt''fiO'ftmomB'de«^ 
■od  two  others,  which  we  mean  panicularly  to  notice,  are  situated  one 
near  the  centra,  and  the  other  at  the  eastern  end  ofthe  concern. 

These  engines  have  cylinders  of  90  inches  dmnwter,  the  prrioni 
vake  a  stroke  «f  20  feet  in  the  cylind«T,  and  the  centre  nf  the  besna 
kso  fixed  thatthe  rodsmake^n  eight  foiot-nroke  in  the  pumps;  thai 
tfiey  are  able, 'at  the -common  prenure.  to  raise  a  lt>ad  of  85,0{MI  llx- 
Each  of  the  engfnes  in  furnished  with  six -wroughf-iron  Ituilers  fo' pn^ 
ducing  high  prewure  steam,  which  is  applied  in  the  mode  usiially  called 
expansive  b^  engineers,  and  iseondensed  rn  the  conmnin  manner. 

TTiree  boders  are  connected  «o  as  to  be  heated  by  two  fires,  and  are 
•ufiicient  to  work  the  engine,  leaving  three  others  to  be  applied  when 
those  which  have  been  in  use  are  cleansing  or  repairing 

fFhcaoinHnuasu  angines  are  executed  in  a  very  heoufiflil  manner,  *m 
•ahilMt  swoimkable  instamiw  of  accnate  workmanffarp  and  sound  <#• 
■iniisn.  ahot^^fa^  eneoed  in 'power -At I  others  that  have  tic^ 
betee>»BMTiMt(4l,  «nd  «f  emme  every  part  h  of  adi«tie(wionfon*j* 
ttefaismoiprocsskm,  yet^adi-hac.ftom'ihe'fint.'performed  its  aW* 
aiiglit,  -and  dK!«oiBbia«twa  is  so  peffiMt'thM  tlw->BOti»ai  wre-eq"''"^ 
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udUfmeifrMBiMannaneuMiMti  Thetnginet-hM'e'inMied'repeflW}!}^ 
i*f4av»raiahe  rale  of  I^^omI.  1.1  ■irnkeaa  mtnute,  attd  tttewntrit  hM'. 
gone  as  aiiitMithly  as  if  a  fly  wheel  regulated'tbeimpahK  z' 
-  liie.«&et>ufth«&M'af  tbeMengims,  ortHfl-it-ii  cMled  mOmtnfl,, 
ifafkllMl)!,  tea  bMntv^falarl^  oakmhttedbrUtep^rsDnappotntiedlbrttiar 
parpMSi  nnd  haa  bean  publiahad  in  the  raontbt^  report. 

It  was  faundto  Iwve  cnnsumpd  about  ^.MXt  bttsbels  of  coal  in  SS^ 
dayv,  or  1 1 1  fauaheU.  par  dty.  and  the  iject  had  beenthat  of  raisioe 
3k,21ia,0O»lbs-afita»cby.eaah  bti>hel  uf  coal,  which  n  rather  nwre 
than  was  done  in  the  same  period  Uy  anjr  engine-of  simitar  construe^ 

It  may  be  worth  mentioninfc  the  weighrs  of  some  of  tha  {^incipol 
j^HTta  of'one  ofthese  large  machines.  The  cylinder,  exclusive  of  tha^ 
omer'iind  bottom,  weighs  about  l^-f  tons,  in  one  piece;  it  is  surrounded} 
by  ft  cam.  of  still  greaier  dimensions.  Hie  beam  with'  its  gudigeea 
wigba  nearly 'iS  tans. 

'ibe  pijinp.  rods  iu  the  shafl.are  the  largest  mast  timber  that  caidd' 
be-procured,  and  are  16  inches  square  to  a  considerable  dep^  in  the. 
■hatt;  when  \he  whole  ar^j  attached,  tht:y  will  weigh,  wJth  the  iroa- 
^otes-'whic'b  ctinnect'tbem  tngetber,  nearly  40  tons. 

When  it  is  considereil  that  to  this  latter  weight  is  to  be  added  thatL. 
of  tbe  column  of  water,  and  one  half  of  the  beam,  we  efaall  find  nurly^ 
\pO  tona  on  one  side  the  ceotre.  and  of  course  a  correspQndingpnassun 
aprthe  other  siife  to  counterpoise  it;  m  that  theie  is  susgHUUnl  on  tlMh 
ndgepn,, and  movingfreely  upon  it,  nearly  200  tona, 

Tfte  piston  freaoentJy  passes  througfi  240  feet  efery  minuM.  ftadH 
giics^  corresponding  velodty  of  motion  to  this  inlnienae  nuua-of  mat- 
^r,  .wltich  is  yet  regulated  with  a  precision  that  is  aateniebing,  and 
vltiqtiaQtSi  vKitheut  ^ppcupeipji,  and.wiAhwtdiatiuiwicet  Iq  the  vvnuf 
paTts  <if  the  machine. 

-%^^^  many^mo^t  ingODMUS  improvenjents  in  tlie  dptptmotion, 
«adUke  afungementissimplBand  tonjplete.  The  wjiole  kre  Sects  great 
VK&'t  (VI  the  skill  and  ability  of  Mr.  WoolC,  to  whom  Corawall  faai 
l>*fcrp  been  indebted  lor  the  intruduction  ot'same  J)f  them  est  important 
'Jttfft'WCTWO*'^^'*' 'tStw. ei^ftea, Xbat,  bftv«,,lie«i^Uid-.tlie,miiicB.iBlainB 

ffWS-   ,1    .  ,  .■  ,,,.■.,;     i     w  ■■■      ir 

■  Tlie^wprka  at  tbe.CpoaoIidated'  Mine*  i««r»  only.oDmHBqseitiwJhB,. 
1SJ4>)>VhI  itivprob^bla  that,  in  a,&wi«iwkB  the  wataKmllbwdt 
ISK^4]Uu^  B»tt^t.t!wrwiiJi  tbc-eytsnaisfiiertgoUoiifttbr'VnioiinpNnMi 
ptM^.Bgon  tfio  surface,  .whic^  aoci  suoh .  W  t«  render, it.  pmbablydnc 
^i(|U;»Ddw9at,(iofi^>«  ininiogjWiiMwhmwibiniihti,woridtJMiT«  bawx 


AUnciE  XVIlf. 
NEW-*  SCIENTIFIC  BfOOKS; ' 


'AuBtwih'hM'iiearlf  «ontpt«te'd  hia^KyivepiiB  nPltl4tl^  AfrMuiOi','  ' 
>4taN|>VM>4ioiiriM(<S'tllnmMit«^f^  V^iytatttt' ttnAtO'ttl&^AtM, itilfetf-  ~ 
Kussian  ship  Revric,  ii  translating' fw  the  prest: 
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j^.  .     Now  Faftnh.     .  [Mab«b, 

, Elementary  Illu^trtitioDs,  of  the  Ccie«tial  Mechanics .  of  ■Laplace, 
comprehending  the  First  Book,  for  Students,  in  the  Mathetnatics,  may 
be  shortly  expected,  in  bvo, 

Mr  Wood  has  in  the  press  the  Linnean  Genera  of  Insects,  illus- 
trated by  ^6  coloured  plates,  and  general  observations  on  each  genua. 

'  Dr.  Forbes  is  ^about  to  publiNh  liis  Observations  on  the  Climate  oT  . 
^enzance,  and  the  Districts  of  t!)e  Land's  End,  in  Cornwall. .  ' 

Dr  Henry  Reader  will  shortly  pubiiih  in  8to.  A  Practical  Treatise' 
on  Diseases  of  the  Heart,  in  uhich  will  be  comprised  a  full  Accountof 
all  the  Diseases  of  that  Organ. 

Peptic  Precepts  i  pointing  put  Methods  to  prevent  and  relieve  Indi* 
gestidi),  and  to  regulate  and  invigorate  the  Ac^on  of  the  Stomach  and 
Bowelt.     I'imo.     3s.  boards. 

History  and  Method  of  Cure'  of  the  various  Species  of  Palay,.  Bf 
John  Cooke,  MD.    Svo.     6i.  boards- 

'  Monthly  Journal  of  Popular  Medicine.  By  Charles  Haden,  Sur- 
^on.     No.  I.    Is.  6d. 

■  Rome,  in  the  Nineteenth  Century,  containing  a  complete  Account 
of  the  Ruins  of  the  Ancient  City,  the  Renwins  of  the  Middle  Ages, 
and  the  Monunieots  of  Modern  Times.  3  vols,  post  Svo,  IL  It. 
boards.    - 

A  concise  Aocount  of  the  Origin  and  Principles  of  the  new  Class  of 
St-Pounder  Medium  Guns,  of  reduced  Length  and  Weight,  proposed 
in  1KI3  by  Sir  William  Congreve,  Bart,  and  adopted  into  his  Jvlajesty'i 
Service.     Svo.     7*.  6d. 


Article  XIX. 

NEW  PATENTS. 

John  Sadler,  of  Penlington-place,  Lambeth,  for  an  improved  method 
or  process  of  manufacturing  carbonate  of  lead,  formerly  denominated 
ceruse,  but  now  commonly  called  white,lead. — Jan.  3,  1821. 

John  Leigh  Bradbury,  of  ManchcBter,  for  a  new  mode  ofengraviag- 
Wid  etching  metal  rollers,  used  for  printing  upon  woollen,  cotton,  linen, 
paper,  cloth,  silk,  and  other  substsnces. — Jan.  9. 

Robert  Salmon,  Esq,  for  improvements  in  tlie  construction  of  instni- 
ments  for  the  relief  of  hernia  and  prolapsis  ;  which  instrument,  so  im- 
proved, he  denominates  scientific-principled,  variable,  secure,  light* 
easy,  elegant,  cheap,  and  durable  trusses, — Jan,  15.  ' 

John  Frederick  Danietl,  Esq  of  Gower-street,  Bedford-sqifare,  for 
improvements  in  clarifying  and  refining  sugar. — Jan,  15. 

Abraham  Henry  Chambers,  Esq.  of  Bond-street,  foran  improvement 
in  the  manufacture  of  building  cement,  composition,  stucco,  or  plaster, 
by  means  of  the  application  and  combination  of  certain  known  mate- 
nals  hitherto  unused  (save  for  esperimentb)  for  that  purpose.— Jan.  15. 

Charles  Phillips,  of  Aibemarle'Street,  commander  in  the  royal  navy, 
for  improvements  in  the  apparatus  for  propelling  vessels,  and  improve- 
ments in  the  construction  of  vessels  so  propelled. — Jan.  19. 

L)i.-raM>,GOOglc 
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Mr'.  Hovtard'i  Meteonhgieal  Jotimal. 


Article  XX. 
METEOROLOGICAL    TABLE. 


9  «.m.t 

*  1881. 

Wind. 

Mkx. 

Min. 

M«i. 

Mi. 

Evap. 

Rain 

Iti  Mon. 

■    Jan.    1 

E 

39-97 

29-86 

31 

23 



61 

2 

E 

39'.''6 

29-53 

30 

22 



61 

3 

E 

39-53 

59-45 

32 

24 



57 

4 

N      E 

99'50 

29-45 

31 

25 

— 

56 

# 

5 

E 

ay45 

39-27 

37 

29 

_   . 

_ 

60 

6 

E 

3928 

29-25 

41 

33, 

8S 

7 

N 

29-28 

29  26 

39 

34 

_ 

: 

86 

- 

8 

E 

2i)-2(i 

3909 

45 

31 

_ 

70 

89' 

9 

E 

29-15 

2904 

43 

37 

— . 

9ti 

10 

S      \^ 

39' r6 

29-13 

44 

37 

— 

17 

93 

IJ 

E 

39-26 

29-14 

46 

38 

— 

28 

100 

( 

12 

s 

29*52 

3926 

51 

44 

— 

05 

94 

13 

w 

29-52 

39-41 

51 

41 

— 

76 

14 

N      E 

30-12 

29-41 

42 

30 

1-20 

60 

"  15 

S        E 

30- 12 

29-77 

49 

33 



42 

90 

16 

W 

30-13 

29-77 

48 

34 

. 

77 

J7 

s    w 

30  2  J 

30-18 

46 

39 

— 

_ 

51 

■  If- 

s    w 

3031 

3(i-'i5 

52 

45 

25 

02 

92 

0 

19 

s    w 

30  32 

30-31 

48 

40 

— 

92 

2(' 

w 

30-ft"0 

30  32 

50 

28 

05 

83 

21 

Van. 

30-61 

3060 

44 

28 

„ 

70 

22 

N     W 

30  69 

30  61 

45 

35 



73 

S3 

N      E 

i07<' 

30-67 

40 

27 

_ 

80 

24 

S       E 

30-67 

30-60 

36 

28 

_ 

91 

25 

s    w'so-eu 

30-5(1 

■    48 

34 

— 

94 

26 

N       E30-5830-44 

45 

34 

_ 

77 

9 

27 

E      I30-4430-29 

38 

32 

— 

78 

28 

S  "130  2930  21) 

35 

30 

_ 

84 

2S 

S        E'30*29'3(1-2( 

45 

30 

— 

90 

SO 

S      W  30-36I30-22 

50 

42 

94 

31 

s    w 

303830-36 

51 

44 

35 

84 

3070I3904 

52 

32 

60 

2-89 

100—56 

le  flnt  column.    A  duh  daiMM  that 
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Wk     Mr.  liimtmCt  UttmntiagMal  Jvmmf.    [■flIEiitca,  taBft. 


Firtl  Moitth.—\.  Aitamg  edd  vind.  4—4,  Cloudy:  bleak.  9.  Mnmi»g  fiaa: 
about  two  iiidia  of  now  ia  the  cTeniiig,  fiillared  bjr  hwU  ud  run,  whidi  thawed 
Dorij'  all  of  it  before  monii-ig.  6.  Cloudjr :  the  Ibaw  coatiiiumg.  7.  C3ondj. 
8.  Fine:  dOud^  9-  Foggy.  10.  Foggy:  doody.  II.  Rnaj.  Ifc  Baay-:  figr- 
atinttmb.  13.  QoHdy.i  varyndny  nighc  14-  Rainy  day:  a  laiar  anona  in  l}u 
erou^  IS,  16.  Ckiadyi  fiMaLinlairalL  ITp^O.  Qoudy.  StLClandy:.  aJanw, 
•onmain  theevening  aunoundedby  ala^halai.  SI.  Foggy momisg:  *eTy-flB»JM 
SS.  aiaomy:  fine-  iS.  rme.  (The  observadon  on  the  baienMtet h««  ginn  b ftou 
(he  oae  which  is  omutaoily  registered.  Two  olhen,  piobably.  Um  perfectly  adjiuted,  ' 
w^  fbvid  to  stmd  rnpeeiiiely  at  30-H5  and  SO-95  induat  dxr  ^ock' bMometdr  at 
Tottoihnn  pvei  the  maumum  at  about  30  7*  iocbea ;  th«  iriudc  at  nooa  n  the  SSd^ 
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Article  I. 


Experiments  to  determine  the  true  Weight  of  the  Atoms  of  Copper , 
Zinc,  Iron,  Manganese,  Niekel,  and  Cobalt,  By  Thomas 
Thomson,  MD.  FitS. 

In  two  papers  published  lo  vol.  xvi.  of  the  Annals  of  Pj^lo- 
MpAy,  p.  327,  ana  in  the  first  number  of  the  New  Series,  I  have 
shown  by  experiments,  which  to  me  at  least  appear  deciaivev 
that  the  atomic  weights  of  the  14  bodies  which  constitute  the 
subject  of  these  papers  are  as  follows : 


017P.-1. 
. . .     ff'75    .   . . 

M 

Sulphuric  acid 

...     6-0        ... 

...    40 

Arsenic  acid 

Phosphoric  acid  . . . 

Potash 

Soda J.. 

Barytea 

Strontiati 

. ..     7-75     ... 
...     3-6       ... 
...    6-0       ... 
...4-0       ... 
...    9-75     ... 
...    6-5       ... 

...  62 
...  28 
...  48 
...  32 
...  78 
...  62 
...    28 

Magnesia 

Silver 

...     2-6       ... 
...  13-75     ... 

...  20 
...  110 

Lead 

...  1300     ... 

...  104 

The  process  which  I  followed  succeeds  also  with  tlie  sulphates. 
■New Series,  vol.  i.  q  , L.ooi^lc 


242  Dr.Thomson's  Exptrimtntstodeterminethe height  [Afvil, 
of  the  metals,  whose  names  &ie  a£Bxed  to  the  title  of  this  essay, 
and  has  enabled  me  to  detei-mine  their  atomic  weights  with  eqnal 
precision ;  but  with  mercury,  bismuth,  and  tin,  some  modifica- 
tions will  be  requisite.  The  difficulty  with  respect  to  mercuiy 
is  to  obtain  its  nitrate  perfectly  free  from  water.  The  chlorideB 
of  tin  and  of  bismuth  are  easily  procured  in  a  state  of  dryness ; 
but  when  thus  freed  from  water,  I  could  neither  dissolve  them 
completely  in  nitric  acid,  acetic  acid,  or  water ;  and  the  addition 
of  muriatic  acid  destroys  the  precision  of  the  process. 

My  object  at  present  is  to  relate  the  experiments  which  I  have 
made  to  detenpm»  tie  weights  ef  the  atoms  of  the  six  metala 
whose  names  are  enumerated  in  the  title  to  this  essay.  The 
following  table  exhibits  the  atomic  weights  of  these  bodies 
according  to  the  best  experiments  hitherto  published. 


Coppi 

Zinc. 

Iron. 

Manganese 

Nickel 

Cobalt 


7-0 
7-0 


6-25 
5? 

3-125?  or  6-25? 
6-876 


4-1 
3-45 


BtTzeliiu.j 


7-9139 
8-0645 
6-7843 
7-1157 
7-3951 
7-3800 


Prout.g 


4-0 

4-0 

3-5 

7-115 

3-65 

3-66 


8-0 
4-25 
3-5 
3-5 
3-25 
3-2.') 


The  numbers  given  byBerzelius  being  alone  (except  my  owa), 
deduced  from  original  experiments,  it  will  be  worth  while  to 
cotwpare  them  with  mine ;  but  to  Ik  them  for  Uiat  comparisoii, 
it  will  be  requite  to.  divide  all  of  them,  except  the  first,  by  2. 
ThJK  gives  us  their  wc^bis  as  foUows  : 

Copper 7-91390 

Zinc 4-0S225 

lion 3-39215 

Manganese 3'55785 

Nickel 3-69756 

Cobalt 3-69000 

The  long-  train  of  decimals  attending  almost  every  one  of  these 
numbers  i»suffioient  of  itself  to  render  their  accuracy  suspicious. 
Kature  is  not  wont  to  indulge  in  suc'b  ooraplioated  relations. 
Indeed  ths  very  simple  numbers,  which  we  have  already  obtained 
for  the  atwnic  weights  of  the  14  bodies  formeriy  examined,  lead 
almost  irresistibly  to  the  conclusion  that  the  same  simplicity  will 
be  found  to  pervade  the  weights  of  all  the  simple  bodies  in 
nature.    We  shall  see  immediately  at  least  that  the  law  holds 

'  New  SnMD  of  OiEmistrj,  p.  MA.    I  Iibtc  divided  his  Dumba  hy  8, 

t  PhiLTow.  1814,  p.  18. 

J  £uai  sur  U  Theorie  dei  Pioportloiu  Chimique*.    Tabk  at  At  end. 

f  Jm«ali  of  Fhibmphji,  vi.  3ii9.   Most  of  hia  oumben  ue  deductd  ftom  Bendiu'* 
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most  achniT^hf  as  lar  as  the  bodies  «t  present  nnder  am  mwm 
xe  concerned. 

I.  Copper. 

It  will  be  seen  from  the  preceding  table  that  Dr.  WollastOQ 
and  Dr.  Prout  consider  the  weight  of  an  atom  of  copper  to  be  4, 
while  I  make  it  8.  Both  the  numbers  of  these  gentlemen  and. 
my  own  are  deduced  from  the  sulphate  of  copper,  or  blue  vitriol, 
the  crystals  of  which,  by  a  careful  analysis,  1  have  found  con> 
posed  aa  follows : 

Sulphuric  acid 10-00 

Peroxide  of  copper 10-00 

Water 11-25 

31-25 

From  this  it  appears  that  the  salt  cont^ns  equal  weights  of 
acid  and  base,  and  that  9-25ths  of  its  weight  is  water.  Now 
the  weight  of  an  atom  of  sulphuric  acid  bemg  5,  it  is  obviooB 
that  if  we  consider  blue  Titriof  a  compound  of  one  atom  acid  and 
one  atom  base,  an  atom  of  peroxide  of  copper  will  weigh  5 
(exactly  the  same  as  sulphuric  acid),  and  consequently  an  atom 
of  copper  will  weigh  4.  This  is  the  reasoning  which  led  Wtd- 
Iwton  and  Prout  to  fix  upon  4  for  the  atomic  weight  of  co^mt. 

On  the  other  hand,  I  am  of  opinion  that  blue  vitrit^  is  a  dibqI* 
phate  of  copper,  or  a  compound  of  two  atoius  aS  sulphuric  acid 
and  one  atom  of  peroxide  of  copper,  and  that  its  coiapositioft 
may  be  thus  stated : 

2  atoms  sulphuric  acid =  10-00 

1  atom  peroxide  of  copper =  10-00 

10  atoms  wat*r =  11-25 

31-25 

If  this  constitution  be  admitted,  it  is  obvious  that  m  atom  «f 
peroxide  of  copper  must  weigh  10,  and  consequently  an  atom  «f 
copjMT  8.  Now  the  reasons  that  lead  me  to  conclude  that  bloe 
vitnol  is  a  bisuli^ate  of  copper  are  the  folkiwing : 

(1.)  "It  is  welt  known  that  copper  forms  two  oxides  with  oxy- 
gen, the  red  and  the  black,  ano  that  the  oxygen  in  the  black 
«nde is  {Hvcisely  double  that  in  the  red  oxide.  Hence  1  think  it 
^ely  that  the  protoxide  is  a  compound  of  one  atom  copper  -f* 
one  atom  oxygen,  and  the  peroxide  of  on^  atom,  copper  +  tw» 
•toms  oxygen.  If  this  be  admitted,  an  atom  of  ci^^r  maftt 
*cigh  8,  and  the  composition  of  the  oxides  will  be  as  lollows  ;. 

Protoxide 8  copper  +  1  oxygen 

Pertwdde  8  +2 

Dr.  Wollaston  and  Dr.  Prout  mast  consider  the  Mack  ozid« 
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«f  copper  as  a  compound  of  one  atom  cojpper  +  one  atom  oxy- 
gen, and  the  protoxide  aa  a  compound  of  two  atoms  copper  + 
one  atom  oxygen ;  6o  that  their  constitution,^  according  to  this 
Tiew  of  the  subject,  is  as  foUowR  : 

Protoxide 8  copper  +  1  oxygen 

Peroxide 4  4-1 

I  consider  my  view  of  the  subject  as  more  simple  and  more 
conformable  to  the  analocv  of  other  metats. 

(2.)  Blue  yitriol,  how  frequently  soever  we  crystallize  it,  or 
how  carefully  soever  we  wash  it,  always  reddens  vegetable  blues, 
and  of  course  contains  an  excess  of  acid.  "Now  most  of  the  salts 
containing  two  atoms  of  acid  united  to  one  atom  of  base  that  I 
am  acquainted. with,  have  the  property  of  reddening  vegetable 
blues.    This  is  the  case  with 

Bisulphate  of  potash, 
Bisulphate  of  soda, 
^  Bitartrate  of  potash, 

Binoxalate  of  potash, 
Alum, 

and  various  other  bisalts  which  wil'.  readily  occur  to  the  recol- 
lection of  the  practical  chemist.  Blue  vitriol  then  possesses  the 
(diaracters  of  a  bisalt.  Hence  jt  is  reasonable  to  conclude  that 
it  is  a  compound  of  two  atoms  of  acid  and  one  atom  of  peroxide. 

(3.)  There  exist  other  two  sulphates  of  copper  besides  blue 
sitriol,  both  of  which  I  have  repeatedly  obtained. 

If  you  dissolve  31'25  grs.  of  the  crystals  of  blue  vitriol  in 
water,  put  into  the  solution  10  grains  of  peroxide  of  copper  in 
the  state  of  a  fine  powder,  and  digest  the  whole  in  a  retort  on  a 
sand-bath  for  two  months,  the  whole  of  the  oxide  gradually  dis- 
appears, the  solution  becomes  colourless,  and  a  green  coloured 
powder  is  deposited,  which  is  a  neutral  sulphate  of  copper;  for 
it  contains,  as  is  obvious,  twice  as  much  peroxide  of  copper  as 
'blue  vitriol.  This  neutral  sulphate  has  no  effect  on  vegetable 
"blues,  and  is  insoluble  in  water ;  but  it  dissolves  easily  io 
muriatic  acid.  If  we  analyze  it,  we  shall  find  it  to  consist  of 
one  sulphuric  acid  +  two  peroxide  of  copper  bv  weight,  and  a 
certain  quantity  of  water,  which  I  have  not  d.eternuned  with 
accuracy. 

If  into  a  solution  of  blue  vitriol  you  poor  a  quantity  of  sulphu- 
ric acid,  and  evaporate  the  liquid  sufficiently  in  a  Wedgewood 
dish,  a  salt  is  deposited  in  small  irregular  crystals  having  a  much 
lighter  blue  colour  than  blue  vitriol,  a  much  more  acid  and  acrid 
taste,  and  acting  more  powerfully  on  vegetable  blues.  This  salt 
is  slowly  deliquescent,  and  from  the  few  trials  to  which  I  have 
-Bubjected  it,  I  have  reason  to  consider  it  as  a  perquadrisutphate 
of  copper,  or  a  compound  of  four  atoms  of  sulphuric  acid  and 
«Be  atom  of  peroxide  of  copper. 
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The  existence  of  these  three  sftlts,  similar  to  the  ozakter 
binoxalate,  and  quadroxalate  of  potash,  and  in  some  respect* 
aimilar  to  the  triple  oxalates  of  potash,  soda,  ammonia,  and 
copper,  discovered  and  analyzed  by  Vogel,  of  Bareuth,  leave 
little  doubt  in  my  mind  that  the  true  atomic  weight  of  copper 
is  8. 

(4.)  The  common  green  pennuriate  of  copper  ia  a  compound 
of  one  atom  peroxide  of  copper  and  two  atoms  of  muriatic  acid; 
for  when  10  grs.  of  peroxide  of  copper  are  dissolved  in  muriatic 
acid,  and  the  liquid  evajiorated  to  dryness,  a  brownish  yellow 
coloured  mass  remains,  which  weighs  exactly  17  grs.  It  is, 
therefore,  a  perchloride  of  copper  composed  of 


1  atom  copper.  . . . 

2  atoms  chlorine.  . 


17 


There  exists  likewise  a  protochloride  of  copper,  described  hy 
Boyle  under  the  name  of  rosin  of  copper,  and  since  particulailjr 
<lescribed  by  Proust,  Chenevix,  and  by  Dr.  Davy  who  an- 
eJyzed  it,  and  showed  it  to  be  a  compound  of 

1  atom  copper =  8*0 

I  atom  chlonne =  4-5 

12-5 

(5.)  There  is  reason  to  conclude  from  the  experiments  of  Ber- 
zeliuB,  that  snl[^uret  of  copper  is  a  compound  of 

Copper 8 

SuIpW 2 

io 

So  that  an  integrant  particle  of  it  weighs  precisely  as  much  as 
the  peroxide  of  copper.  Now  it  is  welFknown  that  an  atom  of 
Bulpnur  weighs  exactly  twice  as  much  as  an  atom  of  oxygen. 
Hence  the  sulphuret  must  be  a  compound  of  one  atom  sulfur 
+  one  atom  copper ;  and  if  so,  an  atom  of  copper  must  weigh  8- 

I  shall  now  proceed  to  show  that  the  composition  of  blue 
vitriol  is  exactly  as  I  have  stated  in  a  preceding  part  of  this 
essay ;  namely, 

2  atoms  sulphuric  add ta  10-00 

1  atom  peroxide  of  copper =   10-00 

10  atoms  water =   11*25 

31*26 

The  reader,  by  turning  to  a  former  paper  of  mine  {Amiah  of 
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;M6  Dr.  J%olmm'3Experima^t^  to  determine  the  WtiglU  [A  tRix, 
Philofopbjf,  xvi.  330),  wiU  find  that  chloride  of  buium  is  com- 
posed of 

1  atom  chlorine >  =  4*5 

1  atom  bajium =  8*75 

13-25 

And  that  when  tiiis  salt  k  dissolved  io  water,  it  becomes  muriate 

of  bftrytes  ooiupoied  of 

1  atom  muriatic  acid ....   =  4'625 
1  atom  barytes =  9-75 

14'375 

DiBSolve  in  a  minitBaiu  of  distilled  waiter  31-25  grs.  of  blue 
Titriol,  quite  pure,  diy,  and  in  ciystala.  Ih  another  vessel 
disBoive  13'26  x  2  =  26'5  gre.  of  chloride  of  barium.  Mix 
the  two  solutions  together,  and  allow  the  mixture  to  stand 
tin  tlie  pMCtpitttte  has  fallen  down,  and  the  sup^nataot  liquor  is 
cpute  ckar.  Examine  this  liquor  by  mixing  it  with  muriate  of 
JiaryWs  aod  with  sulphate  of  soda  ia  two  separate  vessels.  If 
the  experiment  has  been  properly  conducted,  the  liquid  will  not 
be  in  the  least  altered  by  either  of  these  reagents,  showing 
cleaily  that  it  contains  -neither  sulphuric  acid  nor  barytes. 
Hence  it  is  clear  that  the  quantity  of  sulphuric  acid  (two  atoms) 
in  31'26  grs.  of  blue  vitriol  is  just  saturated  by  the  quantity  of 
batytes  (two  atoms)  in  26'5  of  chloride  of  barium.  If,  instead  of 
■31-25  grs,  of  Uue  vitriol,  you  take  only  31  gn.  or  even  31-12& 
grs.  the  liquid  will  be  found  to  ecntoin  an  excess  of  bsirytes. 

If  31-25  grs.  of  blue  vitriol  be  dissolved  in  winter,  and  a  plate 
of  zinc  put  into  the  solution,  the  copper  will  be  ^ecipitated,  and 
,   it  wiU  be  found  to  weigh  exactly  eight  grains. 

II.  Zinc. 

Many  attempts  have  been  made  by  chemists  to  determioe  with 
precision  the  atomic  weight  of  zinc.  Those  of  Berzelius  and  toy 
own  will  be  found  in  an  early  volume  of  (be  Annals  of  Phdlasor 
fhf.  I  had  deduced  from  these  experiments  4- 125  as  the  weight 
ofan  atom  of  zinc.  Dr.  Wollaston's  weight,  4-1,  may  be  consi- 
dered as  nearly  the  same  with  mine.  Dr.  Prout  fixed  the  weight 
&t  4,  chiedy  from  theoretical  consideratious.  The  followiog 
experiments  will  show  that  all  these  determinations  are  under 
llie  truth. 

Sulphate  of  zinc,  or  white  vitriol,  as  it  was  tbrmnly  called,  is 
a  salt,  which  crystallizes  in  four-sided  prisms,  and  is  transpa- 
rent. It  may  be  freed  from  its  water  1^  a  cautioiie  esposure  to 
a  red  heat ;  and  17  grs.  of  the  crystals,  when  thus  treated,  lose 
cxactiy  6-75  grs.     Of  course  the  residual  salt  weighs  10-25  grs. 

DiiWiTe  17   grs.  of  crystals  of  sulphate  of  zinc  in  tvater. 
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lS3i.}  i^tb£Aiomi3fC&ppit,Zitic,imt,3Sajigaaeie,ifC.  ®t7 
Disooke  m  aoothcr  portidn  of  that  ^tplid  J3'8S  gn.  of  pmc 
cAdtM-kle  of  barium.  Mix  logctber  the  ttto  solatioM,  aud  lat  thb 
precipitate  subside.  The  dear  supernatant  liquid  ta  Delth«r 
aiSeoted  by  nnuiate  of  baif)iteB)  ooc  iay  Galpfaate  of  soda ;  conse- 
quently it  neither  coutaiss  Bulphiiiic  ^acjHi  dot  bivytes.  It  is 
obvious  from  this  that  17  grs.  of  sulphate  of  zinc  contain  exactly 
five  grs.  of  aulplHiric.  acid,  fheae  ucia  wtdrant  the  conclusion, 
that   the   conpeeitiqn   Qf  qrystaJliaed  <sid^at«  of  zinc   is   as 

follows :  

1  atom  sulphuric  acid =  6-00 

1  atom  oxide  of  zinc =  5-23 

6  atoms  water =  6-75 

IT'OO 
Thus  it  appears  that  an  atom  of  oxide  of  zinc  weighs  5'25 ; 
consequently  mtic  itself  nmat'  weigb  exactly  4-23. 

It  may,  perhaps,  be  objected  that  my  method  of  detsrminiog 
the  quantity  of  watftr  m  the  salt  might  not  be  abstilutely  cor- 
rect, as  1  had  no  meaua  of  determining  whether  the  residual  aalt 
retained  any  water  or  not.  But  let  it  be  reniembered  that  tfhe 
flulphuric  acid  in  17  grs.  of  the  salt  is  exactly  five  grains,  that 
the  oxide  of  line  certainly  a.pproach'es  five  in  weight,  and  that  if'' 
-we  suppose  the  -water  to  be  increased  iDy  another  atom,  its 
weight  would  amount  to  7'875  grs.  leaying  only  4-125  for  the 
■WMght  of  an  atom  of  oxide  of  line,  which  we  are  perfeictly  certain 
from  preceding  experiments  is  greatly  below  the  truth.  It  can- 
not then  be  doubted  that  the  atom  of  oxide  of  zinc  weighs  5'^  ^ 
consejjueBttly  liie  weight  of  the  atom  of  zinc  must  be  4-25,  or  » 
very  little  more  than  1  had  concluded  from  the  previous  expefi- 
meate  of  Berzelina  and  myself. 

III.  Iron. 
It  is  well  known  that  iron  unites  with  two  -doses  of  oxygen,. 
Bad  forms  two  oxides,  the  black  and  the  red ;  the  oxygen  in. 
which  bear  to  each  otter  the  ratio  of  3  to  3.  This  iedatnrst'tO' 
tbe  supposition  that  the  blaek  oxide  of  iron  was  a  compound  of 
one  atom  iron  +  two.  atoms  oxygen,  and  the  peroxide  of  one 
atom  iron  +  three  atome  oxygen.  It  was  under  this  impreasion 
that  Mr,  Dakon  tixed  the  weight  of  an  atom  of  iron  at  6^- ;  bud 
when  we  examine  the  s^ts  of  iron,  we  do  not  find  th«nt  o  accord 
with  'this  Tiew  of  the  subject.  Thus  sulphate  of  iron(  aostraoting 
tite  water)  is  a  compound  of  5  sulphuric  acid  +  4'5  black  oxide 
of  iraa.  Now  if  we  dissolTe  y*fi  grs.  of  anhydrous  sulphate  of 
iron  in  water,  and  20-7S  oi'drt  nitrate  of  lead  in  another  portioi> 
of  water,  and  mix  the  two  liquids  together,  we  find  ^at  two  new 
ults  are  formed,  both  of  which  are  neutral;  namely,  sulphate  <rf. 
lead,  and  nitmte  of  iron;  so  that  4-»  gra,  of  blade  oxide  of  iro* 
jtlst  neutralize  6*75  grs.  of  nitric  aoid.  We  can  have  no  doubt 
ftom  Aie  that  an  atom  of  protoxide  of  iron  weigha  4-5,  or  Deail|p 
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to.  It  WB8  the  knowledge  oF  these  &ctB  that  led  Dr.  Wollaaton 
to  pitch  upon  3'45,  ana  Dr.  Proat  upon  3-5,  as  the  atomic 
veight  of  iron. 

I  find  by  a  very  careful  analysis,  that  the  crystals  of  protosul- 
-  phate  of  iron  are  coursed  as  follows  : 

1  atom  snlphuric  acid b  5*0 

1  atojn  protoxide  of  iron =  4*6 

7  atoms  water =  7-876 

17-375 

For  17*375  grs.  of  this  salt,  when  dissolved  in  water  and  pre- 
cipitated by  muriate  of  barytes,  give  14*75  grs.  of  sulphate  of 
barytes,  indicating  five  grains  of  sulphuric  acta.  When  precipi- 
tated by  ammonia,  and  the  precipitate  well  dried,  it  weighs  five 
grs.  of  peroxide  of  iron,  which  is  equivalent  to  4*5  grs.  of  protox- 
ide of  iron.  The  remaining  7*875  gra.  must  be  the  water  of 
cnrstaUizatioii.  This  view  of  the  subject  is  confirmed  by  the 
foUowing  experiment : 

I  dissolved  17-375  grs.  of  the  crystals  of  protosulphate  of  iron 

in  distilled  water :  13*25  grs.  of  chloride  of  barium  were  dissolved 

in  another  portion  of  water,  and  the  two  liquids  were  mixed. 

After  the  precipitatehadsubsided,  the  residualliquid  was  neither 

affected  by  muriate  of  barytes,  nor   sulphate  of  soda.     It  is 

obvious,  therefore,  that  it  contained  neither  sulphuric  acid  nor 

barytes;  consequently  17-375  grs.  of  crystallized  protosulphate 

of  iron  contain  exactly  five  grs.  of  Bulphuric  acid.     The  remain- 

-ing  12*375  grs.  consist  of  protoxide  of  iron  and  water.     It  may, 

^nerhaps,  be  objected  to  the  determinallon  of  the  weight  of  an 

u'^om  of  protoxide  of  iron  at  4*5  from  this  experiment,  that  we 

OK  t  not  absolutely  certain  that  the  portion  of  water  in  17-375 

g^.  of  these  crystals  is  exactly  7*876  grs.,  or  7  atoms ;  but  the 

facte   ascertained  are  perfectly  decisive  on  this  point.     By  the 

andys.'s  of  Berzelius,  the  water  in  17'375  grs.  of  protosulphate  of 

Iron  wt'ighs  7*888  grs.     By  my  analysis,  it  weighs  7*819  gis. 

Now^t'  mean  of  these  two  numbers  is  7*863  grs.  which  is  only 

^  jj^thn  of  a  grain  less  than  the  theoretical  quantity ;  but  if  the 

water  ia  tuis  salt  were  8  atoms  instead  of  7,  its  weight  would 

amount  to  9  grs.  instead  of  7-876 ;  wad  only  3*375  grs.  would 

TRinaia  for  the  oxide  of  iron ;  but  we  are  perfectly  certain  that 

t  quantity.     It  is  evident  that  the 

lust  be  a.  whole  number  of  atoms  : 

m  atoms  of  water,  and  the  liquid 

uantity  as  nearly  as  can  be  esti- 

Gntitled  to  consider  it  as  the  exact 

itom  of  protoxide  of  iron   must 

r  the  weight  of  an  atom  of  iron, 

ipon  by  WoUastoq,,  and  the  veiy 
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number  made  choice  of  by  Prout.  Berzelius'B  namber  is  cer- 
tainly too  small. 

It  deserves  to  be  mentioned  that  the  whole  of  the  iron  cannot 
be  precipitated  from  a  solution  of  protosulphate  of  iron  by  means 
of  phosphate  of  soda,  in  what  propoilion  soever  the  aahne  solu- 
tions are  mixed.  The  supernatant  liquid  contains  both  oxide  of 
iron  and  phosphoric  acid  ;  for  it  strikes  a  blue  with  prussiate  of 
potash,  and  is  precipitated  white  by  nitrate  of  lead.  Indeed  I 
know  no  neutru  aalt  capable  of  throwing  down  the  whole  of  the 
iron  from  a  solution  of  this  salt. 

It  is  not  very  easy  to  procure  protosulphate  of  iron  perfectly 
free  from  peroxide  of  iron.  The  best  way  seems  to  be  to  dissolve 
the  crystals  in  hot  water,  to  filter  the  solution,  and  impregnate  it 
with  sulphuretted  hydrogen  gas.  The  crystals  formed  in  such  a 
liquid  are  pure  protosulphate  of  iron.  The  mark  by  which  the 
purity  of  this  salt,  or  at  least  its  freedom  from  peroxide  of  iron, 
may  be  recognized  is,  that  prussiate  of  potash  precipitates  it 
white  instead  of  blue. 

IV.  Manganese. 
The  only  person  who  has-  endeavoured  to  determine  the 
weight  of  an  atom  of  manganese  experimentally  before  me  is 
fierzelius ;  and  his  determmation  (wnen  reduced)  differs  but 
little  from  mine;  for  3*55785,  though  a  complicated  number, 
exceeds  3*5  only  by  a  very  small  fraction.  I  shall  describe  the 
experiment  which  I  consider  as  demonstrating  that  the  true 
weight  of  an  atom  of  protoxide  of  manganese  is  4*5.  Sulphate 
of  maijganese  is  easily  obtained  by  dissolving  carbonate  of  man- 
ganese in  sulphuric  acid,  and  evaporating  the  solution  sufficiently. 
It  forms  beautiful  rhomboidal  flesh-coloured  prisms  which  are  not 
sensibly  altered  by  exposure  to  the  air.  Alter  a  few  preliminary 
trials  on  this  salt,  I  concluded  that  it  is  a  compound  of 

1  atom  sulphuric  acid =  5*0 

1  atom  protoxide  of  manganese.  . .   =  4'5 
5  atoms  water 3=  5*625 

1M25 

To  verify  this  conclusion,  I  dissolved  15*125  grs.  of  the  dry 
crystals  in  water;  13*26  grs.  of  dry  chloride  of  barium  were 
dissolved  in  another  portion  of  water ;  and  the  two  liquids  were 
mixed  together.  Aiier  the  precipitate  of  sulphate  of  barytes 
had  subsided,  the  supernatant  liquid  was  examined  by  means  of 
muriate  of  barytes  and  sulphate  of  soda.  It  was  not  affected  by 
either  of  these  reagents.  It  follows  from  this,  that  15-125  grs. 
of  sulphate  of  manganese  contain  exactly  5  grs.  of  sulphuric 
acid.  The  remaining  10*  125  grs.  consist  of  water  and  protoxide 
<^  manganese.  Now  Dr.  Jonn  obtained  from  15*125  grs.  of 
sulphate  of  manganese  5*345  grs.  of  water.  I  myself,  from  the 
same  quantity  of  salt,  extracted  5*48  grs.  of  water.    Joha'i 
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4]^Baiitity  is  only  ooe-finirth  of  an  atom  of  mter,  and  mine  onlj 
one-eighth  of  an  atom  of  water,  less  than  5-62&  gre.  But  u 
■eil^r  thFee-fonrt^  nor  seven-eighths  of  ao  atom  of  water  can 
«nt«r  into  comlunation,  we  are  entitled  to  consider  the  tme 
qwaatity  of  wster  present  as  5  atoms,  or  6-€26  gtft. ;  conse- 
ouently,  the  protoxide  of  manganese  {weseot  must  weigh  exactlj 
4*5  wn.  Thus  we  get  4*6  for  the  weight  of  protoxide,  and  3*6 
for  the  weight  of  manganese  in  the  metallic  state. 

Thai  we  Be«  that  the  atonic  weights  of  iron  and  manganeee 
are  the  same. 

V.  Nickel. 

I  am  not  certain  that  any  chemist  has  taken  the  trouble  to 
make  an  accurate  analysis  of  sulphate  of  nickel.  It  is  a  salt 
which  crystallizes  in  beautiful  four-sided  prisms,  and  is  not 
altered  by  exposure  to  the  atmosphere.  I  find  that  17'125  ^s. 
of  this  salt,  when,  dissolved  in  water,  and  mixed  with  a  solution 
of  13*25  grs,  of  chloride  of  barium,  let  fall  sulphate  of  baiytes; 
and  the  clear  liquid,  after  the  precipitate  has  fallen  to  the  bot- 
tom, is  neither  affected  by  muriate  of  barytes,  nor  by  sulphate 
of  soda ;  consequently,  it  neither  contains  solphurio  acid  nor 
barytes.  It  is  (4ear  from  this,  that  ]7'r26  gra.  of  the  salt  con- 
tain exactly  5  grs.  of  sulphuric  acid.  When  17*126  grs.  of 
ciystalhzed  sulphate  of  nickel  are  exposed  to  a  red  heat,  they 
■ustfun  a  loss  of  weight  varying  from  7-8  grs.  to  8  grs.  Now 
the  weight  of  7  atoms  of  water  is  7'875,  which  agrees  aliaost 
exactly  with  the  loss  of  weight  found  by  experiment.  It  is 
obvious  from  this  that  17-125  grs.  of  this  salt  are  composed  as 
follows : 

1  atom  sulphuric  acid =x  5*0 

1  atom  protoxide  of  nickel =  4*25 

7  atoms  water =  7-87& 

17-125 

Thus  it  appears  that  protoxide  of  nickd  weighs  4-25 ;  coose- 
quently  the  weight  of  an  atom  of  nickel  must  be  3*25. 

VI.  Cobalt. 

The  difficulty  of  obtaining  this  metal  io  a  state  of  purity  hu 
hitherto  retarded  the  exact  determinaition  of  its  atomic  weight 
I  to<^  aquantity  of  oxalate  of  cobalt,  which  I  had  puriged  bf 
I^ugier's  process,  exposed  it  to  a  red  heat  in  a  platinum  cnici- 
ble,  and  then  dissolved  it  in  sulphuric  acid.  By  the  requis'^ 
coDcentratioo,  the  sulphate  of  cobalt  is  obtaiaed  in  smul  red 
fntmaiic  crystals,  which  are  not  sensibly  altered  by  exposure 
to  the  air.  They  may  be  exposed  to  an  incipienl  red  heat  with* 
out.  losiug  any  of  their  acid,  provided  we  take  care  to  raise  tba 
beat  shiwly,  and  not  to  cany  it  too  ka.  By  this  method  1 W'' 
aUs,  after  »  litUe  practioe,  to  At^me.  thtm  ea^^  pi  tlwif 


l$21.]  of  the  Atoms  of  Copper,  Ziac,  Iron,  Manganese,  Ssc.  ^I 
vater  of  ciystalluu^cui,  while  they  still  continued  completely 
soluble  ia  water,  and  of  course-had  lost  no  sensible  quantity  of 
their  acid.  After  various  Ixials  I  found  that  9*25  grs.  of  this  dry 
salt,  when  dissolved  in  wat«r  aad  mixed  with  a  solution  of  13*^ 
grs.  of  dry  chloride  of  baxium,  left  a  liquid  which  was  neither 
affected  by  muriate  of  barytes,  nor  sulphate  of  soda,  and  q£ 
course  contained  neither  sulphuric  acid  nor  barytes ;  therefore 
9'25  grs.  of  dry  su^ate  of  cobalt  contain  5  grs.  of  sulphuiio 
acid ;  consequently,  the  anhydrous  sulphate  must  be  a  cook- 
pooad  of 

1  atom  sulphuric  acid =  5*0 

1  atom  protoxide  of  cobalt.  , =  4*25 

Protoxide  of  cobalt  then  weighs  4-25.  Hence  an  atom  of 
eobdt  must  «»eigb  3-26. 

We  see  that  cobalt  and  nickel  have  exactly  the  same  weight. 
From  the  taUe  at  the  beginning  of  this  paper,  we  see  that  Bep- 
zelius  gives  the  weights  of  these  tno  metals  almost  the  same,  viz. 

Nickel 3-69755 

Cobalt 3-69000 

Bat  these  atomic  weights  aie  considerably  higher  than  the 
hiith. 

Prom  the  preceding  experiments,  I  consider  myself  warranted 
to  conclude,  that  ihe  atomic  weights  of  the  six  metals  which 
have  occupied  our  consideration  in  this  paper  are  as  follows  : 

Oijgen  =  1.        Hydrageit  =  I, 

Copper 8-0  64 

Zinc 4-25  34 

Iron 3-5  28 

Manganese 3*5  28 

Nickel 3-25  26 

Cobalt 3-25  26 

Thus  it  appears  that  these  bis  metals,  like  the  14  other  bodies 
previously  subjected  to  examination,  have  atomic  weights  which 
Ve  DuiltipleB  of  hydrogen  :  ao  that  if  we  reckon  hydrogen  l^ 
uutyitheyare  all  whole  numbers.  IfweinspectthetaWeofatomio 
v^hts  wheu  oxygen  is  unity,  we  may  observe  that  the  atomic 
weight  is  either  a  whole  numbei',  or  a  whole  number  together 
with  one  or  otiier  of  the  three  following  fractions,  ^  {-,  f.  The 
j^wnic  weights  would  stiU  continue  multiples  of  the  atom  of- 
aydtqgen  (0- 125),  tiiough  they  consisted  of  numbers  ternumatkig 
in  Ute  fractions  ^,  -j-,  f ,  ■{■ :  but  these  fractions  seem  to  be 
fizckdfd,  at  least  as  far  as  our  olttervatioos  have  yet  gone.  Tb* 
^OBsequeuce  of  this  i^  that  wbea  the  tUom  of  hydrogen  is  uni^^ 
n«  atoioic  weighte  of  aU  titn  ather  sinpla  bodies  hitbsito  eza^ 
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'mined  are  even  numbers.     It  is  obvious  that  this  rule  cannot 
'apply  to  those  atoms  of  compound  bodies  which  contain  hydro- 

fen  aa  a  constituent.  Thus  the  weight  of  an  atom  of  water  is 
•125,  of  an  atom  of  muriatic  acid  4-625,  of  an  atom  of  ammonia 
2*125.  In  the  tables  inserted  at  the  end  of  the  last  edition  of 
my  System  of  Chemistry  many  exceptions  to  this  law  occur. 
The  reason  of  this  is,  that  though  aware  of  the  law,  I  did  not 
choose  to  altef  any  of  the  atomic  weights  previously  determined 
till  I  had  satisfied  myself,  by  unexceptionable  experiments,  tiiat 
the  old  numbers  are  erroneous.  I  have  little  doubt  that  the 
atoms  of  bismuth,  tin  and  antimony,  and  aluminum,  are  inaccu- 
rate, though  1  have  not  hitherto  hit  upon  any  mode  of  detemun- 
ing  the  true  atomic  weights  of  these  bodies,  which  is  quite  Iree 
from  ambiguity.  The  weight  of  bismuth,  instead  of  being  8875, 
as  I  have  given  it,  is  either  9,  or  9*25 ;  I  am  not  quite  sure  at 

Jiresent  which  of  the  two  ;  but  as*  soon  as  1  have  obtained  satis- 
Bctory  results  for  these,  and  the  other  simple  bodies  hitherto 
■remaining  undetermined,  I  shall  lay  them  before  the  public. 


Analysis  of  a  Native  Carbonate  of  Magnesia  from  the  East 
Indies.     By  WiUiam  Henry,  MD.  FRb.  &c. 

(To  the  Editor  of  the  Amials  of  Philosophy.) 

Mandhtiter,  March,  18!I. 

I  WAS  indebted  to  the  kindness  of  Dr.  Babington  for  a  speci- 
men of  this  mineral.  He  informed  me  that  it  was  brougntby 
his  son  from  the  East  Indies ;  but  as  he  has  given  me  no 
account  of  its  geographic  situation  or  geognostic  relations,  I 
can  only  describe  its  external  characters,  and  state  the  results 
of  its  chemical  analysis. 

It  occurs  massive.  Its  colour  is  snow-white,  with  the  excep- 
tion of  a  few  small  dots  and  stripes  of  ochre  yellow.  Its  fracture 
is  small  conchoidal  passing  into  uneven.  It  gives  sparks  wi^ 
steel,  and  is  not  easily  scmped  by  a  knife,  but  is  not  hard  enough 
to  scratch  fiuor  spar.  Its  fragments  are  sharp  edged,  inter- 
nally it  has  no  lustre.  It  is  very  slightly  translucent,  and  that 
only  at  the  edges.     Its  speci6c  gravity  is  2-5615. 

It  dissolves  in  acids  at  ordinary  temperatures  with  extreme 
slowness,  even  when  finely  powdered,  and  whatever  may  be  the 
specific  gravity  of. the  acid  ;  but  by  heat  its  solution  is  quick- 
ened, and  carbonic  acid  is  disengaged.  This  property  is  an 
obstacle  to  the  determination  of  its  proportion  of  carbonic  acid, 
which  cannot  well  be  learned  in  the  common  way.    To  asccN 
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tain  it,  I  paised  a  frftgment,  weighing  a  few  grains,  into  ajar 
mverted  over  mcrcuiy,  and  let  up  a  suiScient  quantity  of  dilute 
sulphuric  acid,  the  Ml  action  of  which  required  more  than  a, 
week.  Carbonic  acid  was  disengaged  at  the  rate  of  Tl  cubic 
inch  from  every  grain  of  the  stone;  and  reckoning  100  cubic 
inches  of  CEtrbooic  acid  at  a  mean  temperature  and  pressure 
=  46-5  grs.  100  grs.  of  the  mineral  would  yield  51  grs.  very 
nearly  of  the  acid  gas. 

One  hundred  grains,  reduced  to  powder  and  cdcined  in  a  suf- 
ficient heat,  lost  51  "5  grs.  A  similar  quantity  being  heated  to 
redness  at  the  bottom  of  a  long  glass  tube,  the  upper  and  cool 
part  of  the  tube  just  exhibited  a  visible  degree  of  moisture, 
which  could  not  amount  to  nearly  a  ^rain  in  weight. 

One  hundred  grains  were  dissolved  in  heated  and  diluted  sul- 
phuric acid,  with  the  exception  of  1'5  gr.  The  insoluble  part 
was  not  acted  upon  by  being  boiled  to  dryness  with  nitromunatic 
icid,  or  with  solution  of  potash,  and  when  examined  by  a  mc^- 
nifier  seemed  to  me  to  he  a  fine  siliceous  sand.  The  solutioa 
being  evaporated,  and  the  product  heated  to  redness,  gave  140 
gra,  of  dry  sulphate  of  magnesia,  equivalent  at  33  per  cent,  mag- 
nesia to  46  grs.  of  that  earth. 

One  hundred  ers,  dissolved  by  an  excess  of  nitromuriatic  acid, 
left  the  same  proportion  as  before  of  insoluble  matter.  The 
solution  was  evaporated  to  dryness,  redissolved  in  water,  and 
part  of  the  magnesia  which  had  separated  was  again  taken  up 
by  muriatic  acid,  carefully  added,  so  as  to  be  very  slightly  in 
excess.  From  one  half  of  the  solution,  subcarbonate  ot  potash 
precipitated,  at  a  boiling  temperature,  carbonate  of  magnesia, 
which,  when  washed,  dried,  and  calcined,  gave  23  grs.  of  the 

?ure  earth,  equal  to  46  grs.  of  magnesia,  from  100  of  the  stone, 
he  other  half  afforded,  with  a  mixture  of  phosphate  and  carbon- 
ate of  ammonia,  a  precipitate  which,  after  being  heated  to  red- 
ness, left  60  grs.  of  phosphate  of  magnesia,  equivalent  (if  the 
base  in  100  grs.  of  that  salt  be  reckoned  at  38'5  grs.)  to  25  grs. 
of  magnesia,  or  to  46  from  100  of  the  stone,  thus  confirming  the 
other  methods  of  analysis.  > 

The  absence  of  time  and  alumine  was  inferred  from  the  non- 
action of  the  proper  tests  of  those  earths  on  a  solution  of  the 
stone  in  muriatic  acid,  rendered  just  neutral  by  ammonia.  I  am 
aware,  however,  that  a  minute  proportion  of  lime,  existing  in 
any  solution  along  with  a  considerable  proportion  of  magnesia, 
isnot  discoverable  by  the  usual  tests.  Of  this,  any  person  may 
be  satisfied  by  mixing  a  saturated  solution  of  sulphate  of  hme 
with  an  equal  bulk  ot  solution  of  sulphate  of  magnesia  ;  for  the 
inixed  solutions  are  not  rendered  turbid  by  oxalate  of  ammonia, 
either  immediately,  or  on  standing.  It  is  possible,  therefore,  that 
the  mineral  may  contain  a  very  small  proportion  of  lime,  though 
I  did  not  discover  any  by  analysis.  The  muriatic  solution 
showed,  on  applying  Uie  proper  tests,  a  minute  trace  of  iron. 

L)i.-reM>,G001^lc 
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From  tiie  experiments  which  hava  been  described,  tuc  vBoomi 
mder  examination  may  be  proneiHHied  to  be  an  ahnost  poie 
Carbonate  of  magnesia,  composed  in  100  grains  of 

Magnesia 46'0 

Carbonic  acid  . S1*0 

loBobible  matter 1*5 

Water ."^  0-6 

Loss 10 

100-0 

Tbe  acid  and  base  are  in  atomic  proportion,  and  the  stone  is 
constjtutedof  one  atom  of  each;  for  as  46  tool,  soverynearty 
is  24*6  to  27-6,  the  numbers  which,  on  Ife.  WtJkaton's  scale, 
denote  the  equivalents  of  magnesia  and  carbonic  acid. 

I  avail  myself  of  this  opportunity  of  expressing  my  doubt 
whether  such  a  salt  as  the  bicarbomite  of  magnesia,  constituted 
of  one  atom  of  base  and  two  aton^  of  acid,  really  exists.  This 
doubt,  it  is  true,  is  founded  on  the  exaTninati<wi  of  a  ^ngle  spcc>> 
men  of  a  salt  prepared  by  myself  several  years  a^.  It  was 
formed  by  mixing  a  dilute  solution  of  sulphate  of  magnesia  witii 
a  solution  of  carbonate  of  soda  highly  charged  with  carbonic  aeid 
ander  pressure.  No  immediate  change  occurred ;  but  after  a  few 
4h^,  small  hemispherical  masses,  consisting  of  congeries  vS 
crystals  radiating  from  a  common  centre,  had  formed  on  tke 
ainer  surface  of  the  vessel.  Having  a  few  of  these  left,  I  hare 
btt^y  again  examined  them,  and  find  them  composed  of  base  29, 
acid  30,  and  water  41.  These  proportions  of  acid  aod  \m^ 
perhaps  from  some  trifling  imparity  of  the  salt  (on  which,  h>^ 
mg  now  exhausted  my  whole  stock,  I  cannot  make  any  moK 
«xperiments)  do  not  exactly  agree  with  th^  carbonate  ;  bnttbe^ 
are  veiy  remote  from  those  that  should  constitute  a  bicarboMtte. 
Should  any  of  your  readers  have  prepared  and  analyzed  a  tFM 
bicarbonate  of  this  earth,  the  informaticm  will,  perhi^,  ha 
acceptable  to  others  as  well  as  to  myself. 


Article  III. 

On  tke  Red  Rock  Marie,  or  Newer  Red  Sandttoiu, 
By  the  Rev,  J.  J.  Conybeare. 

(To  the  Editor  of  the  Arnuih  of  Philosophy.) 

AIY  Vi&AA  SIR,  BaA  Stuttm,  FA  15,  IMU 

If  the  fbUowing  remarks  on  one  of  the  British  strata,  which 

Has  as  yet  been  but  impeifectly  described,  appear  to  you  worthy 

of  iDserticMi,  tiiey  are  much  at  your  secviee.    Some  parte  of  tM 
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d«tul  ma^,  perbftps,  be  thought  too  imi)ute,  but  it  would,  I  con- 
feBS,  be  my  own  wish ,  had  I  the  power  aad  opportanity  to  render 
tiiem  yet  ntore  ao.  It  is  evea  at  this  day  oaly  by  the  dibgetit. 
accumolatioa  of  facts  (and  not  unfrequently  of  thoee  which  may 
seem  at  first  the  moat  insulated  and  insignificaat)  that  we  cae 
hope  to  obtain  materials  for  the  accurate  history  of  the  glob« 
which  we  iahalnt.     Believe  me,  my  dear  Sir, 

Yours,  with  much  esteem, 

J.J.  CONVBEARE. 


The  seiies  of  strata  distinguished  by  geologists  as  the  red 
rock  marie,  or  newer  red  sandstone,  occupies,  as  is  well  known, 
a  considerable  tract  in  the  county  of  Devon.  Its  geological 
character  and  relations  have  been  noticed  by  Deluc  and  others, 
aad  more  than  one  opinion  has  been  given  as  to  the  nature  and 
origin  of  its  contents,  which,  with  a  most  sincere  respect  for 
those  from  whom  they  have  proceeded,  I  can  scarcely  regard  as 
compatible  with  the  results  of  a  diligent,  though,  perhaps,  a  too 
partial  examination.  A  short  residence  at  DawlisD  afforded  me 
the  opportunity,  aa  well  of  observing  the  various  aspects  of  the 
rock  Itself,  which,  on  that  part  of  the  coast,  offers  large  and 
uDintemipted  sections,  as  oi  forming  a  tolerably  complete  series 
of  the  different  substances  imbedded  in  the  strata  which  extend 
from  thence  to  Teignmouth. 

In  these  strata  me  rock  exhibits  itself  under  the  several  cha- 
racters of  a  sandstone,  either  loosely  compacted,  or  altogether 
pulverulent ;  a  marie,  more  or  less  indurated ;  and  a  breccia 
coQKtosed  of  fragments  of  various  sizes.  Near  to  Dawlish,  the 
sandy  form  is  mure  frequent,  towards  Teignmouth  the  breccia, 
the  base  of  which  is  usually  marie,  of  an  unctuous  and  argillaceous 
character.  The  marie  has  frequently  those  patches  of  white  and 
purple,  which  have  been  often  noticed  as  characteristic.  The 
mineral  contents  of  the  rock  seem  to  be  few.  Calcareous  spar 
occurs  in  small  patches  a  little  south  of  Dawlish.  Gt/psum  I 
could  not  detect  either  here  or  under  .the  elevated  plains  of 
HaldoD.  On  Blackdown,  however,  I  have  found  it  m  small 
Bodules.  A  sand  sufficiently  charged  with,  and  indurated  by 
iron,  to  be  termed  ironstone,  traverses  in  all  directions,  the  cliff 
to  ^e  north  of  Dawlish  (see  Deluc,  vol.  ii.  p.  85),  and  the  earthy 
hrown  oxide  of  manganese  is  found  in  numerous  small  cavities 
nearly  through  the  miole  range  of  the  coast.  In  one  instance  I 
detected  a  small  portion  of  the  black  oxide  of  cobalt,  precisely 
resemblinsr  that  found  at  Alderley  edge  (Cheshire)  in  the  same 
strata.*    But  the  most  remarkable  feature  in  the  rock  appears  to 

*  I  hh  indeblad  to  tba  Km.  the  Dean  of  BtiMol  fin  an  additiira  to  this  mtagn  cata- 
^ffic.  TW^tttlcnunhuluid  thekiDdI■(utl)fbrwaIdmeaolnespedmcc«lrfcb■la»' 
woT,  nUdihcdiicorandiii  thismckuDtfaiiiom  Trnqtwr-  It  uEo«nB,Biidi^^ean 
oiiaattlic  fimn  of  tphnical  nodulei  ciilierboIlowoimTeatiiigpaTtioiitof  dMinailB  Utctf 
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be  the  variety  of  substances  contained  in  its  brecciated  form. 
Seluc  has  mentioned  two  only  of  these,  the  limestone  and  grey- 
wacke,  though  fae  inBinuates  that  there  arc  others,  and  appears 
(if  I  rightly  understand  the  paragraph)  to  apprehend  that  or  these 
the  limestone  only  can  be  traced  to  any  neighbouring  rock,  an 
opinion  which,  in  its  fnll  estent,  seems  untenable.  The  following 
catalogue  presents  a  tolerably  faithful  description  of  the  frag- 
ments occurring  in  the  breccia  of  Dawlish  and  Teignmouth,  wJui 
the  addition  of  some  few  from  other  quarters. 

Gramte  and  Forvhyritic  Rocks. — ^Theae  foim  a  very  consider- 
able portion  of  the  imbedded  fraements.  A'.  A  minute  aggrega- 
tion of  pale  reddish-brown  crystalline  felspar,  quartz,  and  common 
schorl.  A".  Same  with  felspar,  somewhat  darker,  and  more 
crystalline.  A'.  Same  mixture,  with  lighter- coloured  felspar,  and 
tbe  schorl  distributed  in  small  contemporaneous  veins,  as  well  as 
intermixed  in  the  mass.  B.  Felspar  same  as  A  nodules  of 
quartz,  and  minute  portions,  apparently  crystalline,  of  chloril? 
Structure  semiporphyritic.  C  Minute  aggre^te  of  earthy  fel- 
spar, of  a  pale  dirty-red,  quartz,  and  chlorit.  C'.  Same  with  the 
felspar,  less  earthy,  and  of  a  deeper  red.  D.  Porphyritic  base, 
of  a  purplish- white,  apparently  a  minute  aggregation  of  earthy 
felspar  and  quartz,  imbedded  quartz  in  small  nodules,  and  some 
crystalline  felspar  (semi vitreous).  D^.  The  same  with  the  quartz 
so  much  predominant  in  its  base  as  to  give  it,  at  first  sight,  the 
aspect  of  a  sandstone,  or  greywacke.*  D'.  Same  wfith  imbed- 
ded semivitreous  felspar,  and  common  felspar  in  various  stages 
of  decomposition  (from  the  bed  of  the  river  Exe).  D*.  Base 
more  felspathic,  and  of  a  deeper  purple,  much  disintegrated, 
with  the  exception  of  the  semivitreous  felspar.  Many  cavities 
filled  with  earthy  felspar.  D^  Porphyry,  base  compact  felspar, 
of  a  greyish- white,  having  imbedded  small  nodules  of  quarti, 
and  penetrated  by  numerous  cavities,  apparently  left  by  the  dis- 
integration of  cryst^s  of  felspar,  and  Ine  loss  of  the  powdery 
matter  so  produced.  (This  remarkable  character  I  have 
observed  in  more  than  one  porphyry  from  Cornwall.)  E.  Base, 
a  minute  aggregation  of  eartny  felspar,  quartz,  and  chlorit, 
coloured  green  by  the  latter,  imbedded  minute  crystals  of  flesh- 
coloured  felspar,  and  small  nodules  of  quartz.  (Descent  of 
Haldon  on  the  eastern  side.)  All  these  occur  in  various  stages 
of  disintegration.  Those  prophyries  approaching  the  nearest  in 
colour  to  the  marie  which  surrounds  them  are,  when  far  advanced 
in  this  state,  not  readily  distinguishable  from  that  substance,  the 
outline  of  the  original  fragment  being  so  broken  down  and  lost, 
that  it  appears  to  pass  insensibly  into  the  imbedding  mass. 
Hence,  perhaps,  som  egeologists,  of  no  inconsiderable  authority, 
have  been  induced  to  suspect  that  these,  and,  by  consequence, 

'  It  U  diaiiiigaidiBble,  however,  by  ita  ftinng  Tudiljr  faefbre  the  Uo«-[npe  into  > 
vjlreoui  globule.  On  bTe^ing  too  the  laigei  masiei,  the  inteiior  ii  found  to  be  hhd(- 
wbtt  mote  felcpathic 
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the  other  fragments  imbedded  in  the  red  marie  were  of  a  fonna- 
tioQ  contemporaneouB  with  itself.*  A  minute  and  accurate 
inspection  of  the  coast  between  Dawlish  and  Teignmouth  must, 
however,  I  think,  convince  us  of  tbe  truth  of  the  commoner,  or 
at  least  earlier,  opinion  which  regards  them  as  derived  from  the 
breaking  up  of  the  inferior  strata.  Other  fragments  imbedded 
in  the  marie  are  eT^uidcfte,  or  compact  sandstone.  F'.  Compact 
gre^acke,  of  a  dirty-white,  much  ironshot,  having  the  aspect  of 
a  sandstone  with  a  very  small  intermixture  of  ai^illaceoua  matter. 
P".  Compact  greywacke,  quartz  more  predominant,  and  close^ 
aggregatedironsnotthroughout  of  a  reddish-grey.  F*.  Same,o( 
a  greyish-black,  with  contetuporaneous  veins  of  white  quartz. 
G'.  Black  compact  siliceovs  rack,  of  a  very  close  texture,  resem- 
bling lydian  stone.  G'.  The  iame  intersected  In  all  directions 
b^  gmall  veins  of  ragged  quartz,  so  as  nearly  to  resemble  a  brec- 
cia, occasional  cavities  filled  with  brown  manganese  ochre. 
H.  SmaD  fragments,  apparentljr  of  the  reddish  greywacke  slate^ 
provincially  termed  shiilat.  This  list  might  b«i  increased  by  the 
enamerotion  of  some  more  trifling  varieties  in  the  compact  grey- 
wacke. Calcareoas  rock.  1'.  Semicr^stalline  limestone,  of  a 
dirty-white,  without  organic  remains.  (Near  the  headland 
termed  the  parson  and  clerk.)  I*.  Darkgrey  limestone,  without 
o^anic  remains,  near  Teignmouth.  I'.  Same,  full  of  coralloids. 
Same  spot. 

It  may  be  added,  that  insulated  fragments,  and  occasionally 
crystals  of  semivitreous  felspar  are  met  with  in  the  marly  beds. 
A  pit  near  Exeter  afforded  me  an  interesting  specimen  of  three 
tnacles  united  in  a  single  groupe.  Generally  this  variety  of  fel- 
spar seems  to  have  resisted  the  action  of  those  causes  which 
have  produced  the  disintegration  of  its  parent  rock. 

The  fragments  which  1  have  attempted  to  describe  are,  for 
the  most  part,  mixed  promiscuously  in  the  same  strata.  Occa^ 
sionally  particular  substances  predominate,-  but  rarely,  or  never 
(as  far  as  my  observation  went)  to  the  total  exclusion  of  all 
others.  The  porphyritic  and  quartzose  fragments  have  usually 
their  angles  but  slightly  rounded  ;  in  some  cases,  not  even  pei^ 
ceptibly  so.  The  calcareous  portions  have  generally  more  the 
appearance  of  being  worn  (as  would  from  their  soilness  be  the 
case)  by  attririon.  These  facts,  added  to  the  consideration  that 
the  porphyritic  or  felspalhio  portions  bear  no  resemblance  to  the 
only  solid  rock  which  appears  to  be  subordinate  to  this  forma- 
tion (namely,  the  amygdaloid  of  Thorverton)  will,  perhaps,  be 
sufficient  to  establish  the  mechanical  origin  of  the  breccia  in 
question.  We  shall  then  have  to  inquire  whence  its  contents 
inirfit  be  derived. 

The  calcareous  fragments  bear  a  resemblance  sufficiently  close 
to  the  limestones  of  Chudleigh  and  Babicomb.     A  limestone 
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maie  abundant  in  coralloids  is  found  jeL  Dearer  in  tkeneigb-  ' 
bourhood  of  Lindridge.  The  limestone  aUo  of  Bickington,  neat 
Ashburton,  contains  msny  of  tbese  fossils.    The  fragmeate  of 
.l^e  ^etfwacke  class  may  readily  be  traced  to  the  rocKi^pf  diat  \ 
species  which  lie  in  most  places  immediately  beneath  the  mvU, 
and  with  which  indeed  the  transition  limestones  of  the  conoby 
are  interstratified.     Of  the  granitic  and  porphyritic  fragmeBli, 
those  marked  A,  1,  2,  3,  have  all  the  characters  of  a  rock&e- 
quently  occurring  on  the  confines  of  the  Dartmoor  granite,  and 
-not  unfrequently  intermixed  either  as  veins  or  irregular  miuse^ 
both  with  that  rock  and  with  the  neighbouring  schistas.    It  vill 
be  found  thus  distributed  a  little  beyond  Bovey  Traoey.     I  have 
met  with  aggregates  nearly  similar  at  the  junction  of  granite  ! 
and  schist  at  Ivy  Bridge,  and  at  Bnckland  in  the  Moor.    The  ' 
remainii^  fetspathic  fragments  I  have  htUe  hesitation  in  refer-  : 
ring  to  that  class  of  rocks  which  are  known  by  the  name  of 
Elvans,  and  found  in  numberless  instances  traversing  the  metat  , 
liferous  slate  of  Devon  and  Cornwall.     In  the  latter  conn^, 
tbey  have  been  more  frequently  observed,  both  from  the  greater 
extent  of  those  sections  of  the  Killas  which  are  offered  by  iti 
coasts,  and  the  frequency  and  magnitude  of  the  excavations  made 
by  the  miner.     In  Devon  1  have  noticed  them  near  Tavistock) 
near  Buckland  Monaehorum,  and  in  the  course  of  the  West 
Okement,  and  have  no  doubt  that  they  might  be  detected  in 
various  otherquarters,especially  near  the  junctions  ofthegraaite 
and  slate.     The   only  instance  of  dissimilarity  which   I  hare 
observed  is  the  occurrence  in  some-cases  of  large  crystalliiK 
uasses  of  the  felspar,  which  1  have  termed  semivitreous,  and 
stated  to  form  a  part  of  the  rocks  marked  D  I,  2,  3,  4.    My 
limited  collection  of  Elvans  does  not  afford  any  auali^ous  spe- 
cimen, but  when  we  remember  that  neariy  every  mine  in  Corn- 
wall presents  one  or  more  varieties  of  this  rock,  and  how  endleu  | 
are  the  minute  shades  of  difference  which  characterue  ihcm,  it  I 
will,  I  think,  be  allowed  that  there  is  nothing  improbable  in  ths  : 
supposition  that  the  whole  contents  of  this  breccia  have  been  ' 
furnished  by  the  inferior  rocks  of  its  immediate  neighbourhood, 
by  those,  perhaps,  whose  edges  are  yet  covei-ed  by  it  at  a  depth 
to  which  our  lanouis  and  investigations  have  but  little  chauce 
of  penetrating. 

You  will  scarcely  need  to  be  reminded  that  Mr.  Leiuiaid  Ho^ 
nei'  arrived  at  a  like  conclusion  from  his  examination  of  the 
reck  m«rle  ami  adjacent  strata  in  Somersetshire.*  It  strudi 
me  as  singtilu'  t^at  among  the  fragments  vt^ch  fell  under  my 
inspection  I  observed  no  traces  of  hornblende  rock,  or  green- 
stone, although  the  Utter  especially,  and  in  some  inetancea 
smell  portions  of  the  former  are  to  be  found  on  tlte  borders  of 
Dartmoor.    The  clifls  of  Henoch  [wesent  so  large  and  strikioC 
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1  of  messtone  as  long  ago  to  have  ^tnctcd  natiet, 
I  the  tovm  (H  Bovey  Traccy  stands  oa  a  rock  of  the  saim 

I  forbear  to  speculate  on  the  arob^Mli^  that  the  whole  exiait 
<tf  the  red  marie  wm  prodacad  by  the  degntdation  of  tbe  roelcB 
m&ich  hare  left  tbeir  fragmeats  still  imbedded  in  its  mass,  llie 
total  absence  of  those  organic  ramanss,  which  ooour  so  abaBd> 
antly  in  the  strata  imciedtately  below  aa  well  as  above,  and  the 

Senerai  want  of  consolidation  in  its  Tarions  and  hetkrogeneont 
t6a,  <^rtainly  ar^^sa  that  its  formattoQ  took  place  under  dif- 
fixeot  drcumstances,  and  by  a  difieicnt  process  from  thatof  ^ 
(ubjacent  slate  and  limestone,  or  the  superiacmnbent  lias.  The 
stiUaat  Dawlisbaicnot  everywhere  of  uniform  thickness;  tltn- 
'lip  at  an  angle  hardly  exceeding  15  to  SJB.  by  S.  On  ths 
CDtat  they  are  usually  caiiped  by  the  delms  4^  the  jgreen  sand 
fcnution  which  covers  the  neigabouiing  heists  of  Haldon.  At 
Dsnhsh  tbeae  debris  are  much  more  plentiful  than  at  Teigiw 
mooth.  It  may  be  remarked,  that  while  thfy  cover  so  large  a 
*pace  towards  the  coast,  they  are  of  much  scarcer  occoiTenae 
<m  the  ^ain  of  Bovey,  which  lies  under  the  opposite  declivi^oT 
Bildon.  Some,  however,  apparently  w^«r  worn,  are  found  ob 
that  tract.  I  cannot  conclude  without  expressii^  a  wish  t^ait 
^  wbfde  extent  of  this  formation  were  carefuHy  enmind  b]f 
some  abler  and  more  instructed  observer. 


i  new  Mftladi^  contracting  geomttrically  the  C»$e$  «f  Sphert- 
ad 'Mangles  6u  a  Devehpement  of  tkar  Partt  in  Plant.  By- 
Mr.  W.  L.  Birkbeck.    (With  a  Plate.) 

(Tothe  Editor  (rfthe  AmutU  tfPkiloaof^.) 
UA,  '  Ltnim,  Mmi^llk 

Thb  advmtage  of  conetruotiatis  as  means  of  checking  the 
calculations. bf  plane  trigonometry  has  been  generally  so  appa- 
rent, that  many  trigonometrical  *nteis  have  given  umme  geome- 
tii(»l  constructions  for  the  oases  of  plane  trian^es.  With 
v^trd,  however,  to  spherical  trigonometry,  a  different  cowse 
W  been  adopted ;  and  as  the  consideration  of  the  pontioa  ot 
<he  various  circles  of  the  sphere  first  led  to  the  problem  offinl- 
ii>g  certain  parts  of  tiie  triangles  fcomed  by  their  intersections 
«nn  others  that  might  be  given,  the  writers  on  this  snbject  luve 
bought  it  necessary  that  ul  these  oirdes  should  be  repretentMl 
*>n  a  plane,  as  they  actually  appear  on  the  sphere.  Of  the 
•nwd  method*  of  doing  this,  tlie  steree^nphic  pngection  has 
B  3  r-         \ 
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^eneraOy  claimed  the  preference ;  but  although  this  has,  the 
Advantage  of  exhibiting  the  position  of  anir  spherical  triangle  in 
relation  to  the  several  circles  of  the  terrestrial  or  celeatial  sphere, 
.  -Jet  the  length  of  the  constructions  required  to  represent  truly 
«Dly  one  triangle  renders  it  by  no  means  the  most  desirable  way 
of  arriving  at  those  parts  by  geometrical  coDStruction.  The 
jnethod  pursued  in  this  abort  essay  considers  the  triangle  as  the 
-epherical  surface  of  a.  tetrahedron  whose  vertex  is  the  centre  of 
-the  sphere,  and  by  imagining  the  sides  of  this  tetrahedron  laid 
'down  on  a  plane,  obtains  the  required  parts  of  the  triangle  by 
■constructions  that  may  be  performed  with  facility  by  the  help  of  a 
-scale  of  chords.  The  figures  here  used  are.contuned  within 
-ranch  narrower  limits  than  in  most  instances  of  stereographic 
projection,  since  the  centres  of  some  of  the  circles  in  it  ofteH 
iall  at  a  very  great  distance.  The  constructions  in  the  present 
"paper  may,  it  is  presumed,  be  called  new ;  for  although  M.  Mau- 
«uit  has  constructed  the  .^rst  case,  and  part  of  the  second,  in  a 
snanner  somewhat  similar,  yet  his  method  is  consider^ly  loi^ri 
and  the  remaining  part  of  the  second,  and  the  whole  of  the  mitd 
«ase,  I  believe,  have  not  been  constructed  except  by  projection, 
iby  any  trigonometrical  writer.  As  by  means  of  the  supplemental 
Wangle  tie  six  cases  of  trigonometry  are  reducible  to  three,  it 
lias  only  been  thought  necessary  to  give  the  detail  of  three  cases 
in  this  paper. 

Case  /. — Having  given  the  three  sides  A  B,  B  C,  AC,  of  a 
apherical  triangle  (PI.  VI.)  fig.  1,  to  hnd  any  one  of  the  angles 
as  A. 

With  the  chord  of  SO**  as  radius,  taken  from  any  convenient 
scale  of  chords,  describe  a  circle  C  B  A  C,  fig,  2,  and  by  . 
means  of  the  same  scale  set  off  the  arcs  A  B,  B  C,  A  C,  equ^ 
to  the  three  given  sides  respectively ;  from  the  centre  O  draw 
-O  C,  0  B,  O  A,  0  C,  and  let  fall  the  perpendiculars  C  D,  C  E, 
to  d  A,  0  B,  meeting  in  P  ;  from  P  apply  P  N  equal  to  C  D, 
meeting  O  A  (produced  if  necessary)  in  W,  then-  the  angle  N  P  D 
is  equal  to  the  angle  A,  required ;  the  number  of  degrees,  Su:.  tn 
which  may  be  ascertained  either  by  a  scale  of  chords  or  a  pro- 
tractor. 

Caw  2. — ^When  two  sides  A  B,  B  C,  and  the  included  angle 
B,  are  given. 

First,  to  find  the  third  side  A  C. 

From  any  point  O,  as  a  centre,  fig.  3,  with  the  chord  of  60^, 
describe  a  circle  as  before,  set  oiFthe  arcs  B  A,  B  C,  equal  to 
the  given  sides,  and  make  B  O  L,  equal  to  the  given  angle ; 
draw  C  £  perpendicular  to  O  B,  and  on  0  L  take  O  M  =  G  E, 
and  make  MN parallel  to  it ;  on  CE  produced  take  EP  =  OK, 
and  set  ofi"  N  H  =  P  A.  The  distance  M  H  is  equal  to  the 
chord  of  the  required  side  to  the  radius  O  B. 

Secondly,  to  find  either  of  the  other  angles,  as  the  EUigle  A. 

With  the  chord  of  &)°  describe  a  circle  as  before,  and  set  off 
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the  arcs  6  A,  B  C,  fig.  4,  equal  to  tiie  given  sidfis,  and  nmkaF- 
B  0  L  equal  to  the  given  aoglel ;  let  fall  C  E  perpentUcular 
toOB;  onOLtakeOM  =  C  £,  drawM  NparaUd  toit,uid 
on  C  E  produced  take  E  P  =  O  N.  Join  0  A,  let  fdl  P  D  per- 
pendicular to  it ;  take  N  K  =  P  D,  and  join  M  K ;  tliea 
M  K  N  is  equal  to  the  required  angle  A, 

Case  3. — When  two  sides  B  C,  C  A,  and  an  en^e  A  opposite 
one  of  them  are  given. 

First,  to  find  We  third  side  A  B. 

With  the  chord  of  60°  as  radius,  and  fi^m  any  centre  O,  fig.  5, 
describe  a  circle,  set  off  the  arcs  C  B,  C  A,  equal  to  the  given 
■ides,  and  make  COL  equal  to  the  given  angle,  draw  A  f  per- 
pendicular to  O  C,  take  O  M  =  A  I,  and  draw  M  N  perpendi- 
cular to  O  C  ;  from  M  ap^y  M  F  =  chord  B  C,  meeting  C  O 
produced,  if  necessary,  in  F ;  make  I  P  =  O  N,  and  from  P  as  a 
centre,  with  the  distance  F  N,  intersect  the  circumference  of  the 
^rcle  in  H  and  H' :  the  arc  C  H,  or  C  H',  ia  equal  to  the  third 
lide  required. 

Secondly,  to  find  the  angle  B  opposite  the  other^ven  side. 

With  the  chord  of  60°  describe  a  circle  as  before,  take  the 
-arcs  C  B,  C  A,  fig.  6,  equal  to  the  given  sides,  and  make  COL 
equal  to  the  given  angle ;  draw  A  I,  B  K,  perpendicular  to  O  C^ 
take  0  M  =  A 1,  and  from  M  apply  M  H  =  B  K,  meeting  C  O, 
produced,  if  necessary,  in  H :  tne  angle  M  H  C,  or  its  Bup[Je- 
meot  M  H  C  is  equal  to  the  required  angle  B. 

Thirdly,  to  find  the  angle  C  included  by  the  given  sides. 

Find  the  third  side  A  Bby  the  first  part  of  this  case,  and  the 
ftnde  C  from  the  three  sides  by  Case  1. 

This  third  Case  it  is  well  known  frequently  admits  of  two  eola- 
tions, and  in  those  instances  in  which  the  data  lead  to  a  double 
solution,  these  constructions  will  accordingly  give  two  values  for 
each  of  the  required  parts.  In  the  first  part  of  the  Case,  if  H' 
either  falls  upon  C,  or  on  the  same  side  of  C  with  B,  there  will 
be  only  one  value  of  the  side  A  B,  viz.  C  H.  In  the  seconct 
partofthecase,  if  either  of  the  angles  MHC,  MHC,  taken  as 
die  value  of  B  make  i  (A  +  B)  of  the  same  affection  with 
-i  (B  C  +  C  A)  then  either  of  these  angles  may  be  that  required, 
hut  if  only  one  of  the  values  of  B  is  in  accordance  with  the 
theorem,  .j  (A  +  B)  like  -i-  (B  C  +  C  A),  this  value  ia  that 
required. 

In  the  third  part  of  the  Case,  the  angle  C  will  have  one  or  two 
Talaes  according  aa  the  side  A  B  has  one  or  two  values. 

Without  giving  the  demonstration  of  these  constructions  with 
»11  the  rigour  of  the  Euclidean  geometry,  the  mathematjcal 
wader  will,  it  is  presumed,  be  convinced  of  their  accuracy  from 
the  following  general  explanation.  Suppose  ocb  a, fig.  7,  to  be 
*  Bphericid  tetraedron  wnose  radius,  o  a,  is  equal  to  the  radius  of 
the  scale  of  chords  made  use  of  in  the  preceding  constructionB, 
and  whose  convex  surface,  ac  b,  forms  the  triangle  proposed  to 


Cate2 


90ft  Mttltod  f^cvMtrmliag  Cam  fff  Sjriurkal  Tria^les. 
h»  Mlrsd.  loMgioe  c  p  to  be  draim  peipentliciilar  to  tlw  fiaae 
«  i  « ;  let  c  (/,  ce,  in  t£e  planes  o  c  a,  oc  b,  he  perpendicular  to 
*«(0  £,  rvspectively ;  thea  ifpd,pt,fa,pb,  ca,  clt,  be  joined, 
it  ig  obvious  that  die  angles  c  pd,  cpe,  cpa,  cp.b,odp,otf, 
fee  »11  right  EK^Ies,  that  the  angle,  c  dp,  meuuree  the  ioclinaliis 
of  Uie  panes,  oca,  o  b  a,  and  is  consequently-  equal  to  the 
^btticu  an^  at  a,  and  that  in  like  Btanoeicep  ia  equal  to  the 
spherical  angle  at  b  :  moreover  c  a,  c  b,  ure  the  chords  of  ^ 
sides  c  a,c  b.  This  premised,  it  nill  appear  that  in  Case  1,  CD, 
C'  £,  are  equal  Fespectiv^y  to  c  ^,  c  e,  and  that  P  i&  situated  ia 
ibe sector  B  O  A,  as^is  in  Aoa;  so  that  P  I)  be  ^  d,  but  P S 
E  CI>  =  cd,  and  the  right  angle  PDN  =  cpdi  there&re,  tha 
JiPD<=cdp3c  spherical  an^e  a. 
«  2.— Here  GE,  fig-  3,  =  c  e,  orO^  =:  e  e,  wd  mtb 
$f  0  M  3=  given  angle  b,=  cep,  and  ai^le  M  N  O  =  a  ligU 
•ogle  ;  therefore,  the  triangle  OM  Nis  equal  to  c  e  p,  and  MN 
wep:  also  because  O  E-=  oe,  andE  P  =  ON  =  «;i;tbe«- 
fore,  P  is  situated  with  respect  to  the  ppints  B,  A»  aa  v  is  with 
respect  to  6,  s ;  oMisequenUy  PA  sa  pm,  but  N  H  =  P  A,  >ii<i 
H  14  n  cp,  wherefore  the  right  angled  triangle,  M  K  H.  is  e^ual 
ifie  p  m,  aad  M  H  =  c  a  =  chord  of  side  c  a. 

In  the  sec<m(l  part  of  this  case,  P  is  Cotuid  as  before,  coiTe»- 
pondii^  to  p,  and,  therefore,  P  D,  perpendicsular  to  O  A,  is 
obvioudjr  equal  toji  d,  biitN  K  =  Pti,QT pd,  and  M  N  =  e^ 
wherefore  the  right  angled  trian^e  M  N  K  is  equal  to  cpd,»m 
tile  angk  M  K  ST  equu  to  £  d  j>,  or  to  the  Bphoieal  angle  a, 

Cate  3.— Here  it  is  devious  that  AT,  or  O  M,  is  equal  ioed, 
and  the  angle  M  O  N  is  equal  to  the  given  spherical  to^e  a,  that 
is,  to  c  dp-f  tbevefore,  the  triaagle  M  O  N  is  equal  %ocdf; 
hcaee  MN  k  c^  and  ON  =:  dp.  Also  since  M  F  «  choid 
S  C  =E  be,  the  triai^le  F  M  N  is  equal  tab  c  p,  and,  coose- 

rieiktly,  FN  =:;)Aj  moreover,  because  IP  t=  ON  =  de,  therefore 
is  situated  with  respect  to  the  points  O,  G,  and  arc  C  A,as;i,  is 
with  respect  to  a,  a,  and  arc  a  b,  but  p  b  has  been  fooitd  =  r  N, 
therefore,  the  intersection  of  an  arc  described  &oin  the  ceatie 
P,  with  the  radius  F  N,  will  determine  the  point  H  correspoad- 
ifla  to  b,  and  the  arc  C  H  will  be  equal  to  a  ». 

In  the  second  part  of  Case  3,  A  I,  or  O  M.  ia  equal  to  c^ 
wsdBKrOr  M  H,  tocr.  Ueoce  the  ai^le  MONhemee«itlti> 
the  spherical  angle  a,  that  is  to  c  dp,  the  triangle  MNO  is 
•qualto  cpd,  and,  therefore,  MN  s  c ;>;  butMH^BEsCf, 
therefore,  the  triangle  M  N  H  is  equal  to  t&e  triangle  cpt,*i^ 
the  ai^  M  H  N,  or  H  H  C>  equal  to  c  f  ji,  or  to  the  ^^eiical 
WUHrr 

I  am  renwctfiJlT  yoan^ 

W.X.  BUUBCK. 
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Article  V. 

On  Atropium,  a  new  Alkaline  Bod^  in  the  Leaves  of  Alropu 
Belladonna.     By  M.  Rudolph  Brandos.* 

M.  Brandes  first  states,  with  reference  (o  another  paper  of 
lii»  which  has  not  come  to  hand,  that  he  found,  in  au  analysis  of 
the  leaves  of  atropa  belladonna,  that  pure  alkalies  precipitated  » 
substance  frcnn  the  decoction  of  them  which  had  alkaline 
properties  like  morphium.  He  then  boiled  a  filtered  decoctiou 
of  the  leaves  of  atropa  belladonna  with  pure  magnesia,  washed 
the  powder  thus  obtained  with  water,  and  boiled  it  in  alcohol, 
TTiis  hot  solution  in  alcohol  had  likewise  alkaline  properties,  and 
proves,  therefore,  that  they  were  not  to  be  ascribed  to  the  alk-aJi 
employed  in  the  first  experiment.  He  then  goas  on  to  state  the 
foUowmg  experiments : 

I  boiled  two  pounds  of  dried  leaves. of  atropa  belladonna  in  & 
sufficient  quantity  of  water,  pressed  th6  decoctiod  out,  and 
boiled  the  remaining  leaves  again  in  water.  The  decootiona 
were  mixed,  and  I  added  some  sulphuric  acid  in  order  to  throi? 
down  the  albumen  and  similar  bodies ;  ths  solution,  is  thus  rear 
dered  thinner,  and  passes  more  readily  through  the  filter.  The 
decoction  was  then  supersaturated  with  potash,  by  which  I 
olitained  a  precipitate  that,  when  washed  with  pure  water  and. 
dried,  weighed  89  grs.  It  consisted  of  small  crystals,  from  whicfa^ 
hy  repeated  solutionin  acids,  and  precipitation  by  alkalies,  the  new 
alkalme  substance,  atropium,  was  obtained  in  a  state  (^purity. 

Properties  of  Atropium. — The  external  appearance  of  atropium 
varies  considerably  according  to  the  different  methods  by  wliich 
it  is  obtained.  When  precipitated  from  the  decoction  of  the 
herb  by  a  solution  of  potash,  it  appears  in  the  form  of  very  small 
short  crystals,  constituting  a  sandy  powder.  When  thrown 
down  by  ammonia  from  an  aqueous  solution  of  its  salts,  it 
appears  in  flakes  like  wax,  if  the  solution  is  much  diluted ;  i(. 
coQceatrated,  it  is  gelatinous  like  precipitated  alumina :  when 
obttuned  by  cooling  of  ahot  solution  in  alcohol,  it  crystallizes  in 
long,  acicuiar,  transparent,  brilliant  crystals,  often  exceeding  one 
iDch  in  length,  which  are  sometimes  feathery  ;  at  other  times 
starlike  in  appearance,  and  sometimes  they  are  single  crystals., 
Atropium,  however,  is  only  obtained  in  such  a  crystalline  state 
ffhen  rendered  perfectly  pure  by  repeated  solution  in  muriatic 
acid,  and  precipitation  by  ammonia :  a  solution  of  impure 
Mropium  which  I  made  by  boiling  the  decoction  of  the  leaves 
oif  atropa  belladonna  with  magnesia,  and  dissolving  the  precipi-r 
t^ted  alkali  in  hot  alcohol,  has  not,  during  half  a  year,  deposited 
*I>y  ciystalabat  merely  flakes. 
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The  colonr  of  atropium  depends  in  a  great  measure  upon  its 
state  of  purity.  When  perfectly  pure  it  is  snow  white,  other- 
wise it  is  more  or  less  yellowisn-white.  When  pure,  it  has  no 
taste.  When  strongly  heated,  it  is  decomposed,  is  charred,  and 
givee  out  an  empyreumatic  smell. 

Cold  water  has  hardly  any  effect  upon  dried  atropium,  but  it 
dissolves  a  small  quantity  mien  it  is  recently  precipitated;  and 
boilin?  water  dissolves  stiU  more. 

Cold  alcohol  dissolves  but  a  minute  portion  of  atropium,  but 
when  boiling  it  readily  dissolves  it.  Atropium,  however,  is 
much  more  difficultly  dissolved  by  boiling  alcohol  than  mor- 
phium,  and  while  the  solution  is  coohng,  the  greatest  part  ia 
again  deposited.  In  order  to  ascertain  whether,  after  the  ciy»- 
tailization  of  the  atropium,  the  remaining  spirit  contained  aay 
quantity  of  this  body,  I  evaporated  two  drachms  of  it,  but  they 
left  scarcely  a  trace  of  it. 

Ether  and  oil  of  turpentine  had  even,  when  boiling,  little 
effect  upon  atropium.  Hot  oil  of  almonds  dissolved  a  much 
greater  quantity  of  it,  and  seemed  to  become  less  fluid.  The 
experiment,  however,  was  made  on  so  small  a  scale  that  1  was 
omable  to  ascertain  whether  the  oil  had  imdergone  the  same 
ralterations  which  Chevreul  and  Braconnot  observed  in  saponi- 
fied fat,  and  which  BouUay  believes  he  has  produced  by  picto- 
-.'^oxium. 

Salts  of  Atropium. — Atropium  forms  salts  with  acids,  the 
■  -greater  number  of  which  are  readily  soluble  in  water;  but  I 
never  have  succeeded  in  obtaining  them  perfectly  neutral,  or  iu 
freeing  them  completely  from  adhering  acid.  Even  when  care- 
fully washed  and  pressed  between  fine  paper,  they  reddened 
litmus  paper  in  most  cases  ;  but  when  care  was  taken,  there 
was  only  a  trace  of  free  acid  remaining,  and  which  cannot  be 
regarded  as  an  objection  to  considering  the  atropium  as  the  basis 
of  salts  ;  for  the  whole  quantity  of  acid  combined  with  the  alka- 
dine  body  would  have  produced  a  much  more  powerful  effect 
vpon  litmus  paper,  had  it  not  been  attracted  and  neutralised  b;r 
this  substance. 

Atropium  and  Sulphuric  Acid. — Atropium,  when  slightly 
heated  with  concentrated  sulphuric  acid,  is  decomposed  and 
blackens ;  a  similar  effect  takes  place  when  sulphate  of  atropinm 
in  its  crystalline  state  ia  dried  without  being  previously  washed 
with  alcohol,  and  deprived  of  the  adhering  acid.  Diluted  sul- 
phuric acid  dissolves  atropium  after  some  time,  and  more  easily 
when  the  alkali  has  not  been  dried.  Exposed  to  spontaneous 
evaporation,  crystals  ofsulphate  of  atropium  appear,  of  which  I, 
however,  could  not  ascertain  the  form  with  sufficient  accuracy, 
there  existing  a  greSt  variety  of  crystals,  and  the  planes  being 
Tery  imperfect.  The  most  perfect  seemed  to  me  to  be  rhomboe- 
drical  tables  and  prisms  with  square  bases ;  the  lateral  plan^ 
partly  truncated,  and  the  lower  acute  angle  of  the  new  planes 
,L~.00'^lc 
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often  reaching  down  to  the  middle  of  the  prism.  These  triui- 
gidar  planes  appear  frequently  oa  the  crystals  of  sulphate  of 
atropium,  and  are  distin^sbable  by  their  great  lustre. 

Toe  sulphate  of  atropium  is  soluble  in  four  to  five  parts  of  cold 
water ;  it  seecu  likewise  to  be  soluble  in  alcohol ;  for  when  L 
had  poured  the  remaining  liquid  from  tJie  crystals,  and  begun  tO' 
wasn  tfaem  with  spirit  of  90  per  cent,  alcohol,  a  quantity  of  the 
salt  seemed  to  disappear,  and  this  cold  solution  in  alcohol,  when 
ammonia  was  added,  became  milky  by  the  precipitation  of 
atropium. 

It  does  not  attract  moisture  from  the  air,  when  as  much  as 
passible  freed  from  its  adhering  sulphuric  acid,  but,  on  the  con- 
trary, it  loses  its  water  of  crystallization.  It  is  decomposed 
when  strongly  heated,  and  becomes  black. 

The  salts  of  barytes  deprive  this  salt  of  its  sulphuric  acid,  and 
the  carbonated  as  well  as  the  pure  alkahes  precipitate  atropium 
from  the  solution. 

Composition  of  Sulphate  of  Atropium. — (A.)  Three  grains 
were  exposed  on  a  watch  glass  to  a  moderate  heat.  While  the 
water  of  crystallization  was  evaporating,  it  became  slowly  opaque, 
assumed  a  milk-white  colour,  on  a  few  places  it  had  begun  to 
blacken,  and  resembled  enamel  in  appearance.  When  it  had 
ceased  to  lose  weight  by  heat,  the  loss  amounted  very  nearly  to 
three-fourths  of  a  grain,  or  25  per  cent,  which  is  to  be  considered 
as  water  of  cryatalUzation.  The  salt  was  only  in  a  very  sUght 
degree  decomposed,  and  was  almost  entirely  soluble  in  water. 

(B.)  Three  grains  of  the  same  salt  were  dissolved  in  water, 
and  ammonia  was  added  to  the  solution.  The  precipitate,  when 
collected  on  a  filter,  weighing  3^-  grs.  washed  and  dried  amounted 
to  a  little  more  than  1^  grs. 

(C.)  The  filtered  liquid  from  (B.)  after  being  supersaturated 
by  acetic  acid  was  mixed  with  a  solution  of  muriate  of  barytes. 
There  was  as  much  sulphate  of  barytes  obtained  after  heating  it 
red,  as  would  indicate  almost  36  per  cent,  of  sulphuric  acid. 

The  sulphate  of  atropium,  therefore,  is  composed  of 

Atropium ', 39 

Sulphuric  acid 36 

Water 25 

100 

I  must  confess  I  had  some  doubts  as  to  the  correctness  of 
tiiis  analysis,  for  on  comparing  it  with  that  of  the  sulphate  of 
strychnium  by  Petletier  and  Caventou,  and  that  of  sulphate  . 
of  picrotoxium  by  Boullay,  and  my  own  analysis  of  sulphate  of 
Bkorphium,  it  appears  that  all  these  three  alkaline  substances  are 
Tery  low  in  saturating  power ;  while  the  atropium  would,  aocoi^ 
mg  to  my  analysis,  neutralise  a  much  larger  quantity  of  sulphurio 
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add.  If,  however,  there  was  onhf  a  slight  ibacctiracy  in  the 
ansljtut,  or  if  there  bad  remained  some  free  snlphnnc  acid  in 
the  salt,  tbta  of  coarse  mast  ooake  a  great  dincrence  in  At 
peBult,  the  experimeats  beiog  made  with  so  small  a  quaotitr.  I 
tlicrefare,  thooght  it  neoessair  to  repeat  my  amly^is  with  a 
larger  quantity  of  saH,  fer  which  tAiipoie  I  dissolved  a  new 
qoantity  of  atropium  in  diluted  sulpnunc  acid,  and  exposed  the 
8<dution  to  spontaneous  evaporation.  I  obtained  beautiiiit  erys- 
tids,  which  I  washed  with  alcohol,  and  repeatedly  pressed  then 
between  fine  blotting  paper.  Thus  1  obtained  18  grs.  of  eiU 
^ate  of  atro^um. 

Five  groins  of  this  sah  were  carefully  heated  to  expel  the 
water.  The  loss  amounted  to  If  gr,  which  indicates  25  per 
cent,  water  of  crystallization. 

Ten  grains  were  dissolved  in  water,  and  decomposed  by 
mnriate  of  barytes.  The  weight  of  the  sulphate  of  barytes  was 
II  grs.  equal  to  36'13  percent,  of  sulphuric  acid. 

After  the  deduction  of  25  water  and  SfrlS  sulphuric  acid, 
Acre  remains  38*87  for  the  atropium,  end  the  composition  oS 
aolpbate  of  atropium  will  be : 

Atropium 38-87 

Suiphuric  acid 36*  13 

Water 25-00 

100*00 

Tbe  dose  iqiproxiroation  in  the  results  of  both  analyses  must 
evidently  lead  me  to  the  conclusion  that  the  error  could  not  bs 
Tery  great.  My  doubt  as  to  the  great  saturating  capacity  of  the 
atropium  induced  me,  however,  to  make  a  third  experimenL  I 
took  atropium,  obtained  by  cooling  a  hot  spirituous  scteticm,  put 
it  iato  some  fresh  alcohol,  and  added  sulphuric  acid  until  it  ww 
dissolved.  The  spuituous  solution  was  completely  clear,  and 
yielded,  after  spontaneous  evaporatioa,  beautiibl  cvystcds  of 
sulphate  of  atrc^ium.  After  washing  them  with  ether  nnttt  this 
fluid  ceased  to  redden  litmus  paper,  1  dried  the  salt  between  fine 
blotting  paper. 

With  this  salt  I  repeated  my  analysis.  By  drying  three  grains 
I  found  the  water  of  crystallization  amounting  to  nearly  ^  per 
cent.  Three  grains  were  dissolved  in  water,  and  the  solution 
reddened  litmus  paper  slightly,  notwithstanding  repeated  wash- 
ing with  ether.  The  taiphuric  acid  was  preopitated  by  «  so- 
IntKHi  of  muriate  of  barytas.  Tlw  wd^t  of  the  mlphate  «f 
horytea,  after  exposing  it  to  a  red  heat,  was  3*S6  grs.  indicating' 
1*1]3  gr.  of  sul^imc  aoid,  equal  to  37*1  pw  cent. 

The  composition  of  aalpltatc  of  atiopiam,  aooordiag  to  du« 
MHi^«a,.iB,  thereftire, 
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Atropium • .  38-0 

Sulphuric  acid 37-1 

W^r 24-0 

100-0 

This  I  thought  sufficient  to  remove,  all  doubts  as  to  the  great 
wtuiatiiig  power  of  atrofnoin.  It  proves  the  peculiar  nature  of 
thi&  aikalme  body,  when  compared  with  the  rest  of  the  seanalo- 
gous  substances,  all  of  which  are  capable  of  neutralifiing  ooly  • 
very  small  quantity  of  acid.  Ereu  picrotoxium,  though  accord- 
ing to  Boullay,  only  crystallizable  when  an  excess  of  acid  is 
j>reseDt,  as  appears  to  be  the  case  with  atropiuna,  is  capable  of 
combining  with  only  nine  percent,  of  sulphuric  acid.  I  havehttle 
doubt  that  the  mean  number  of  these  three  analyses  wiH  approach 
Tery  near  to  truth,  and  that,  therefore,  sulphate  of  atropium  is 
composed  of 

Atropium 3893 

Sulphuric  acid 36*52 

Water 24-65 

■  100-00 

It  seems  as  if  atropium  is  capable  of  combining  m  difiereot 
proportions  with  sulphuric  acid.  I  once  added  an  excess  of 
■ulphuric  acid  to  atropium  difiuaed  in  water,  and  I  observed  a 
sodden  formation  of  long  prismatic  crystals,  which  seemed  to 
bebisal^ate  of  atropium.  These  crystals  required  several  hun- 
dred times  their  weight  of  water  for  solution,  while  the  salt  of 
stn^um  which  I  analysed  was  soluble  in  four  or  five  parts.  It 
is  well  known  thatwithpicrotoxium  the  case  is  similar,  I  made 
•ererBl  experiments  to  prepare  that  salt,  but  I  could  succeed 
only  when  I  diffused  atropium  in  alcohol,  and  then  added  an 
abundant  quBQtity  of  sulphuric  acid.  By  this  process  the  salt 
quickly  appef^%d  as  a  ciystalline  precipitate. 

Once  as  I  eraporated  a  spirituous  solution  of  sulphate  of 
atropium,  I  was  struck  with  the  smell  of  bitter  almonds.  To 
determine  whether  the  solution  contained  prussic  acid,  I  diluted 
it,  and  added  some  soloticm  of  Bvkhate  of  deutoxide  of  iroKt 
there  did  not,  however,  appear  the  least  trace  of  a  blue  colour. 

Atropium  and  Mariattc  Acid. — The  salt  produced  by  the 
combination  of  muriatic  acid  and  atropium  appears  in  beautifitl 
white  brilliant  crystals,  which  are  either  cubes  or  square  plates, 
similar  to  the  muriate  of  daturium.  It  is  readily  soluble  in 
water  and  alcohol.  By  nitrate  of  silver  the  chloride  is  precipi- 
■■ted»  sad  &a  alkaiieK  fartdfutata  pure  atropmiia  from  it.  Bven 
•Aor  4w  laMt  caidiit  vtAiMtg.  I  ialnan  otwemd  sonw  tnoM 

JtMo^fm  ijftim  Mwtiatt  ^  AtrBfimm.—l  undntoA  4tui  uw- 
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lysis  not  onty  to  ascertain  the  composition  of  this  salt,  but  also  to 
ODtain  additional  evidence  as  to  its  great  saturating  power. 

(A.)  Three  grains  of  muriate  of  atropium,  when  dried  at  sach 
a  temperature  that  no  decomposition  of  the  alkali  could  take 
place,  lost  nearly  l-y^th  gr. 

(B.)  Three  grains  of  the  same  salt  were  diRsoIred  in  water, 
ftod  tiie  atropium  thrown  down  by  ammonia.  After  repeated 
washing  with  small  quantities  of  water,  it  was  collected  on  a 
filter,  which,  after  being  dried  carefully,  showed  an  increase  of 
weight  of  nearly  l-i^th  gr.  which  were  atropium. 

'tae  composition  of  this  salt  is,  therefore, 

Atropium 39-19 

Muriatic  acid 25-40 

Water. 35-41 

100-00 

Alropium  and  Phosphoric  Acid. — Atropium,  when  dissolved 
in  a  great  quantity  of  phosphoric  acid,  and  evaporated,  forms  a 
mass  like  gum,  which  attracts  the  moisture  of  atmospheric  air, 
and  deliquesces.  If  less  phosphoric  acid  is  used,  the  solution, 
after  spontaneous  evaporation,  yields  some  quadrangular  prisms, 
which  salt  is  readily  soluble  in  water,  and  is  likewise  readily 
dissolved  by  alcohol. 

Ott  other  Salts  of  Atropium. — Nitric,  acetic,  and  oxalic  acid 
dissolve  atropium,  and  form  acicutar  salts,  all  soluble  in  water 
and  alcohol.  The  acetate  and  nitrate  of  atropium  are  bygrome- 
tric.  All  are  decomposed  by  the  alkahes  and  by  their  carbo- 
nates. 

Nitric  acid  acts  much  less  powerfully  on  atropium  than  on 
strychnium,  according  to  Pelletier  and  Caventou. 

Observations  on  the  Ei/uivaleiUs  of  Atropium.-~-\  have  shown 
that  sulphate  of  atropium  is  composed  of 

Atropium 38-93 

Sulphuric  acid 36-52 

Water 24-55 

100-00 
and  that  muriate  of  atropium  consists  of 

Atropium 39-19 

Muriatic  acid 25-40 

Water.,... 36-41 

100-00 

If  we  admit  that  in  the  alkalies  ftom  plants,  the  same  laws 
exist  as  are  ascertained  with  rejapect  to  those  from  inorganic 
bodies,  we  shall  be  better  able  to  find  their  equivalent  number, 
M  I  hare  tbown  in  my  analysis  of  sulphate  of  morphtam.     The 
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Bnlphate  of  atropium  appears  to  contain  three  times  as  much 
oxygen  in  the  acid  as  m  the  base ;   and  as   36*52  sulphuric 

acid  ccmtain  21-865  oitygen,  —^ —  =  7-289  will  indicate  the 

oxygen  in  38-93  of  atEopium.  ... 

The  muriates  contain,  according  to  Berzelius,  in  their  acid, 
twice  the  oxygen  which  exists  in  the  base,  and  25-4  muriatic 

acid  containing,  according  to  Berzelius,  14-825  oxygen  — - — 

=  7-412  will  indicate  the  oxygen  in  39-19  of  atropium. 

By  comparing  these  two  results,  it  will  be  found  that  they 
differ  very  little.  I  &m,  however,  inclined  to  suppose  the  result 
of  the  analysis  of  the  sulphate  of  atropium  to  be  the  most  cor- 
rect, and  then  100  parts  of  atropium  would  contain  18-91  oxy- 
gen, a  quantity  far  exceeding  the  oxygen  found  in  any  one  of  the 
similar  alkalies. 

There  are,  however,  strong  reasons  for  believing  that  the 
different  salts  which  have  been  analyzed  are  bisulphates  and 
bimuriates,  and  then  the  oxygen  of  the  atropium  would  only 
amount  to  one  half  of  the  above-mentioned  quantity.  The  salt 
which  is  above  described  as  a  bisulphate  then  would  be  a  qua^ 
drisulphate.  The  oxygen  in  38-93  atropium  wotild  then  be 
3-644,  and  100  parts  of  atropium  would  contain  9*4  of  oxygen. 

The  oxygen  In  the  different  parts  of  sulphate  of  atropium 
would  be : 

■  Atropium 38-93  3-644 

Sulphuric  acid 36-52  21-865 

Water 24-65   21-654 

The  oxygen  in  the  acid  and  in  the  water,  therefore,  are  equal, 
and  six  times  that  of  the  atropium. 

According  to  Berzelius's  theory,  the  oxygen  in  the  muriate  of 
atropium  would  be  : 

OxjrgOI. 

Atropium 39-19   3-706 

Muriatic  acid 25-40   14-808 

Water 35-41    31-784 

The  quantity  of  oxygen  in  the  acid  is  four  times  as  much  as 
that  in  tne  atropium,  and  that  of  the  water  twice  as  much  as 
that  of  the  acid. 

One  hundred  parts  of  dry  siilphate  of  atropium  contain 

Atropium 51-59, 

Sulphuric  acid 48-41 

100-00 
Or  it  consists  of 
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AtropiQHn 100-00   106-6 

Sulphuric  acid 83-83    100-0 

Ooe  faoadRd  pxtts  of  muriate  of  etropium  would  consist  tif 


Atropium 

MunMic  acid> 


Atropium . . . .  100*0   ....  154-3  would  combiiae  with 
Muriatic  acid.    64-8   ....  100-0 

On  the  Alteration  which  Atropium  undergoes  when  heated 
with  Potash,  and  when  burned. — When  I  tried  some  other  sub- 
stance obtained  from  the  atropa  belladonna  by  heating  it  with 
potash,  I  obtained  a  salt  which,  when  supersaturated  with  acetic 
acid,  produced  with  muriate  of  iron  a  red  solution.  I  inferred 
ftom  this,  that  there  might  be  formed  sulphochyazic  acid.  Sus- 
fiectiag  this  vegetable  substance  to  contain  atropium,  I  took 
some  of  this  alEali  as  it  had  been  precipitated  fi-om  a  decoction 
of  atnipa  belladonna,  and  heated  it  ffith  a  solution  of  pure  potash 
in  a  platina  spoon.  As  soon  as  the  action  of  the  potash  be^ui, 
ft  distinct  smell  of  ammonia  was  perceptible,  ^nd  a  glass  rod  with 
strong  muriatic  acid  produced  a  white  cloud  when  brought  near 
4o  it.  The  residuum  was  dissolved  in  water,  supersaturated 
with  acetic  acid,  and  tested  with  muriate  of  deutozide  of  iron, 
which  instantly  produced  a  red  colour. 

This  experiment  did  not  always  succeed.  It  prores,  however, 
that  under  certain  circumstances  there  may  be  formed  a  sub- 
stance from  atropium,  which  produces  a  red' colour  with  deutoz- 
ide  of  iron,  and  which  probably  is  stUphochyMic  acid.  Su^ur 
is,  perhaps,  a  constituent  of  atropium.  The  potash  I  made  us« 
of  had  a  sli^t  trace  of  sulf^uric  acid. 

I  have  been  obliged  to  discontinue  iny  euniments  on  ths 
properties  of  this  alkali.  The  violent  headaches,  pains  in  the 
bacK,  and  giddiness,  with  frequent  nausea,  which  the  vapour 
of  atJ-c^ium  occasioned  while  1  was  working  on  U,  had  such  a 
bad  eSect  on  my  weak  health  that  I  entirely  abstained  frcnn  any 
further  experiment. 

I  onee  tasted  a  small  quantity  of  sulphate  of  a1iO[Hum,  the 
Uste  was  not  bitter  bnt  merely  saline,  but  then  soon  followed 
violent  headache,  shaking  in  the  limbs,  alternate  sensations  of 
heat  and  cold,  oppression  of  the  chest,  and  dtfici^  is  breath- 
ing, and  diminiuied  circulation  of  the  blood.  The  violence 
ofmese  symptoms  ceased  in  half  an  hour. 

Even  tne  vapour  of  the  different  salts  of  atropium  produces 
giddiness.  When  exposed  for  a  long  time  to  the  vapours  of  a 
solution  of  nitrate,  phosphate,  or  sulpbate  of  atropiaai,  tte  puipi 
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of  the  eye  is  diluted.  This  happened  frequentlyto  me,  and  when 
1  tasted  the  salt  ofatropium,  it  occurred  to  such  a  degree  that  it 
remained  so  for  12  hours,  and  the  difTerent  degrees  of  light  had 
no  influence. 

This  ie  sufficient  to  show  the  poisonous  effect  ofatropium. 


f 
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On  some  Capillary  Metallic  Tin.  By  James  SmiUison,  Esq.  FRS. 
(To  the  Editor  of  the  Ataiah  of  Philosophy.) 

SIR,  Parit,  Feb.  17,  tSSl. 

M.  Ampere,  a  few  days  ago,  accidentally  in  converBation, 
mentioned  a  fact  to  me  which  much  excited  my  attention,  as  it 
appeared  to  me  completely  to  confirm  the  explanation  I  had 
ventured  to  offer  of  the  mode  of^brmatiqn  of  the  capillaiy  cop- 

Sier  in  the  slag  of  the  Hartz,  printed  in  th6  Annals  of  Philosophy 
brJ«ly,  1825.  J  T  !f 

For  some  puipose  of  die  trt«,  Mr.  Clement  formed  a  <wlinder 
of  copper,  and,  to  ^ve  it  strength,  introduced  into  it  a  hollow 
cylinder,  or  tube,  at  cast  iron.  To  complete  the  union  of  these 
two  cylinders  some  melted  tin  viaa  nm  between  them.  With  the 
exact  particulars  of  t^is  conitruction,  I  am  not  acquainted,  but 
the  material  circumstance  is,  that  daring  the  cooling  of  this 
heated  mass,  a  portion  of  the  melted  tin  was  forced  by  the  alte- 
ration of  Ti^ume  of  the  cyfioders  through  the  sulMance  of  the 
cast-iFon  cyhnder,  and  issued  over  its  internal  surface  in  the 
state  fjtfilmSf  which  were  curied  and  twisted  in  various  direc- 
tions. This  form  in  the  fibres  of  copper  I  had  considered  as 
Tery  favourable  to  my  hypothesis.  Such  was  the  tenuity  of 
these  fibres  of  tin  that  little  tufts  of  them  applied  to  the  dame 
of  a  candle  took  fire,  and  burned  like  cotton. 

This  passage  of  melted  tin  through  cast-iron  has  a  perfect 
agreement  wim  the  paasage  of  troter  by  pressure  through  gold, 
and  tends  to  elucidate  and  confirm  the  account  of  the  celebrated 
Florentine  experiment.  Had  the  water  od  that  occasion  issued 
solid,  it  would  have  been  in  fibres. 

This  penetrati(Hi  of  solid  matters  by  fluids,  by  means  of  great 
mecbaoical  force,  will,  perhaps,  come  to  be  thought  deserving 
of  more  attention  than  has  been  yet  paid  to  it;  besides  any 
scientific  results  to  which  the  oonsidGmtion  of  it  may  lead,  it 
may  be  found  to  afford  compound  substances,  not  otherwise 
obtainaUe,  and  of  value  to  the  arts. 

I  am,  Sir,  yonr'most  obedient  servant, 

Jam&s  Shitusoit. 

UigniecibyGOOglC 
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Article  VIII.  ^ 

A  Mathematical  Inquiry  into  the  Causa,  Laut,  and  princmai 
Phenomena  of  Heat,  Gaits,  Graattttton,  ifc.  By  Jolm  He- 
rapath,  Esq. 

DEAR  SIR,  CranfiiTi,  mot  HeunOem,  JfarcA  81,  I6SI. 

Thb  foUowing  mathematical  investigation  of  the  causeB,  kwi^ 
and  principal  phenomena,  of  heat,  gases,  gravitation,  Su.  ww 
drawn  up  about  10  montba  Bince,  for  the  purpose  of  being  hud 
before  the  public,  in  the  Transactions  of  the  Royal  Society.  A 
knowledge  that  ^e  Royal  Society  had  been  desirous  of  having 
these  subjects  investigated,  and  a  belief  that  they  would,  there- 
fore^ have  been  pleased  with  this  mark  of  my  respect,  and  have 
caused  the  subject  to  be  sifted  to  the  bottom,  were  the  motives 
which  induced  me  to  present  them  with  the  first  fruits  of  wj 
labours.  Having,  however,  notwithstanding  the  marked  kin^ 
ness  of  the  Presidept,  and  another  highly  distinguished  and 
enlightened  member  of  that  Society,  experieuced  from  others  an 
unlooked-for,  and,  I  might  almost  venture  to  sav,  an  illibenti 
opposition  for  upwards  ofnine  months,!  have  thougnt  it  expedient 
to  withdraw  this  paper,  together  with  another  which  I  composed 
at  the  suggestion  of  Sir  H.  Davy,  confirming  by  experiment  mT 
-views  OQ  me  more  material  points,  in  order  to  nring  them  both 
before  the  pubUc  through  a  different  channel. 

It  is  not  my  indention  here  to  detail  the  discouraging  and 
extraordinary  hne  of  conduct  which  has  been  pursued  in  this 
afiair,  because  I  shall  have  it  in  my  power,  at  the  end  of  theae 

Eapers,  to  enter  fully  into  particulars ;  but  I  request  you  wiD 
ave  the  goodness  to  print  tne  communications  just  as  they  now 
stand ;  for  the  circumstances  of  the  case  being  such  that  it  will 
be  necessary  publicly  to  invite  the  attention  of  the  whole  Rova) 
Society  to  this  subject,  I  wish  to  m^e  no  alterations,  but  to  give 
those  who  have  opposed  me  a  fair  opportunity  of  overturning 
that  against  which  mey  have  not,  in  so  long  a  period,  produced 
one  vaUd  objection;  or  of  justifying  a  conduct,  whi<ji,  though 
but  belonging  to  a  part,  might;  possibly,  in  the  eyes  of  the  woiw, 
from  the  importance  of  the  subject,  prodooe  serious  refiectioiu 
on  the  whole  of  a  Society,  so  long  diytlMgmshed  for  its  candour, 
liberality,  and  prompt  encouragement,  of  scientific  pursuits. 
I  have  the  honour  to  be,  dear  Sir, 

Your  most  obedient  servant, 
T« SMvtrd  Pimp,,  Et§.  John  Hebapatb. 


Htm  Serta,  vol.  i. 
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On  the  Phyttcal  Constitutioa.  of  the  Vpiverx.    (In  a  Letter  to 
Paries  Gabert,'  £«([.  MP/FRS.  &c.) 

naBsiR, 

'  Iirtite -followtntr  memoir,  wUch  1 4iave  to  retreat  yoU' wHI'do 
me  the  honour  of  submittiDg  to  the  coasiderationof  tte-Hoyal 
lEkkciety,  I  have  endeavoured  to  unravel  the  cauBes  of  some  of 
the  leading  phenomena  of  the  universe,  such  ad  those  of'h^ 
eraTitotion,  &c;  That  a  correct  judgment  may  the  more'SBsily 
p^  fanned  of  the  nature  of  this  memoir,  I  haye  pretixed'a  brief 
account  of  the  trainof  thonght  I'punroed  in  my  investieatioii^ 
which  will'  tend  to  throw  a  considerable  light  over  what  fcrftows:   . 


ASd'beeauHe  I  conceive  no  theoiy  established,'  however  weflit 
may  accord  with  phsenomena,  unletis  it  can  be  shown  all  otben 
do  not,  I  iittendea  to  take  areviewof  someoftheprincipal-bypi^ 
theaes  that  have  been  advanced  sod  supported  by  different '[Hii« 
losophers;  and '  to  show  wherein  I  thioK  them  defectire';  but 
afterwards  considering  that  this  would  extend  the  memoir'te'a 
imich  greater  length  than  I  wish)'  and  that  I  might  probably  be 
obliged  to  press  a  little  hard  on  the  favourite  opinions  of  some 
Tespectable  philosophers,  I  have  for  the  present  laid  this  design 
Bside.  For  similar  reasons  I  have  omitted  all  comment  and 
comparisons,  except  what  are  necessary  for  the  elucidation  of  the 
Bubject.  I  have  liaewise,  in  consequence  of  a  converaation  that 
littely  had  with  W;  Clayfleid,  Esq.  materially  changed  the  phm 
of  this  memoir,  so  as  to  render  the  connexion  and  dependence 
between- the  principles  and  consequences  more  apparent.  And 
in  order  to  trespass  as  little  as  possible  on  the  time  of  the  Royd 
Society,  I  have  only  demonstrated  some  of  the  elementary  pro^ 
positions;  reserviiig  the  proofs  of  others  to  a  future  period^  wnn^ 
jf  the  litHe  that  1  have  done  receive  the  countenance  of  'die 
Btiyal  Society,  1  might  be  induced  to  take  a  more  elevatedTiew 
of  the  subject,  and  to  touch  upon  other  things  that  are  notmeir- 
tioaed. 

The  Royal  Society  will' easily' perceive  that  I  am  indebted- for 
the  hint  of  the  cause  of  gravitation  tc  Sir  Isaac  Newton,  thongli, 
perhaps,  it  wiU  be  found,  that  I  have  carried  the  idea  much  mr- 
ther,  and  have  extended  it  to  the  development  of  a  much  greater 
'  variety  of  pheenomena  than  he  could  have  anticipated.'  It  wonU 
'be  preposterous  for  me  in  this  place  to  name  other  distinguished 

fhilosophersto  whose  accurate  experiments  andlaminous  views 
have,  in  the  course  of  my  inquines,  been  imder  great  obligS' 
tions  ;  but  I  cannot  let  slip  this  opportunity  of  acknowledgiog, 
th&t  if  it  sballappear  I  have  been  any  way^ucceaeful  in  wj  soli- 
tary rambles  through  these  exalted  regions,  it  is  probably  in  a 
great  measure  owing  to  your  kind  encouragement  and  directions, 
and  to  the  flattering  approbation  you  were  pleased  to  bestow  wi 
my  juvenile  efforts  so  long  ago  as  the  beginning  of  1809,  when  I 
had  the  pleasure  of  being  introduced  to  you  by  my  late  respected 


I92JJ/-  i  Siiamneati  of  Heal,  Gaiety  CTavii«tion,.Sse.  SZfik 
fiieiul  W.  Pernr,.E8<)tof  iWintcrbouroet  Without  aiich  stimnlia 
rmight  never  ,oare  a*d  sufficient  confidmce  iu.myBelf  to  tre^d. 
tiiose  intricate  and  akoost  tntckles^  paths  of  science. 

An  Analytical  Inquiry  into  the  Came  of  Gravitation,  Heat,  Sfei 
Several  veara  ago,  namely,  in  July  1811,whileamusingmyB^ 
vith  c^culating  souie  of  the  lunar  equatiana  from  theory,  I  wa^ 
iiuiuced  to  try  to  compute  the  aunual  equation  to  the  moon'i^ 
Quean  motion,  somewhat  after  the  manner  in  which  Newton  ha» 
oalcutated  the  n&agnitude  of  the  variation.  The  result  of  thia 
oaicuJation,  which  considerably  exceeded  the  quantity  given  int 
the  tables  of  Halley,  the  only  ones  I  then  had,  very  much  sutt 
Pfisad  jne.  At  first  1  thought  I  had  committed  some  eiror^  oi 
made  some  erroneous  assumption ;  but  on  te-examining  tb^ 
«8lculus,.  and  maluns  every  aUowance  which  I  th&ught  might 
luxe  any  influence,  Taatisned  myself,  that  aa  far  as  my  funoar 
nwotal  principles  were  correct,  nothing  was  neglected  whidiL 
could  anect  tne. result  to  any  thing  like  the  magnitude  of  the 
^fietence.  At  another  time  it  occurred  to  me,  that  the  quahtitv 
of  the  equation,  as  eiven  in  the  tables,  might  possibly  be  iUeU 
toossiali.'  I,  thereiore,  set  myself  about  correcting  it  from  the  . 
observations  at  the  end  of  Halley's  tables;  but  so  far  from  solv* 
iftg  the  difficulty  by  this  meana,  I  found  the  difference  mucll 

f  eater  j  for,  a«  far  aa  I  remember,  the  mayjmnm  of  the  equation 
found  .to  be^  instead  of  1 1'  49",  only  about  11'  17" ;  taat  iSf 
))ut  a  few  seconds  greater  tbaa  (he  quantity  given  in  the  verv 
cOEfect .  tables  of  Burg.  Baffled,  therefore,  in  this  attempt  tQ 
taconcile  obaervation  and  theory,  I  conceived  that  the  quauti^ 
determined  from  observation  must  be  the  result  of  two.opposi^ 
equations,  one  of  which  had  escaped  the  cognizance  of  tuebry* 
And  in  this  opinion  I  seemed  to  be  more  confirmed  by  anothec 
calculation  of  this  equation,  by  means  of  an  exponential  theoient 
I.had  j.ust  before  discovered,  and  by  observing  that  the  computa^ . 
tioo  of  the  some  eqmtion  by  Machin,  on  the  principle  of  aa 
equont,  came  out  also  much  greater  than  the  quantity  by  obser^ 
vadon,  It  is  true  I  was  for  a  little  while  staggeredinmy  opiniQi| 
\n  the  statement,  of  Newton,  in  the  schohum  to  prop.  35,  bookS^ 
«t.the  PrincifMa,  in  which  he  says,  that  he  had  calculated  the 
mean  greatest  quantity  of  this  equation  from  the  theory  of  gravir 
tation  at  11'  49  .  But  as  I  observed  that  he  simply  named  tbs 
i^ult  without  even  hinting  at  the  method  of  ca1culB,tion,  though 
i^^beneath,  in  the  same  sohoUum,  he  minutely  enough  describes 
aU'OoIcuIus  of  one  or  two  other  equations  of  considerably  less 
di£&culty ;  and  as  I  had  observed  that  the  quantity  I  had  brought 
out  would  coincide  with  his,  if  diminished  in.  the  ratio  of  uus 
moon's  synodical  to  her  siderial  period,  I  thought  it  very  pro- 
bable that  Newton  had  pursued  the  same  course  that  I  had ;  aad  . 
t^at  finding  his  numbera  would  agree  with  obeervation,  if  diini* 
nished  in  uie  aaid  ratio  of  the  synodical  to  the  siderial  period^ 
S2  ■       l.nnal/ 
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Ike  dimuuBhed  Utetn,  thinking  there  might  be  a  reason  for  it 
-which  he  did  not  perceive;  but  sot  being  thoroughly  coDvinced^ 
lie  chose  rather  to  omit  than  describe  a  calculation,  with  ereiy 
Mjt  of  whidi  be  was  not  perfectly  satisfied.  This  at  least 
appeared  to  me  a  very  plauEible  way  of  accounting  for  Newton's 
vUence ;  but  whether  it  be  a  correct  one,  it  is,  perhaps,  not 
vorth  the  trouble  of  discussing,  especi^y  since  the  complete 
calculation  of  this  equation,  l^  the  celebrated  Laplace,  in  die 
M^canique  Celeste,  shows,  that  whatever  may  have  been  New-  . 
-ton's  method,  it  was,  as  wall  as  my  own,  much  too  loose  and 
xnaccurate  to  be  depended  on.  IL  is,  however,  remarkable,  that 
•B,  or  most,  of  the  calculations  of  Uie  aim.  equa.  hitherto  madA 
Jlrom  theory,  give  the  quantity  of  this  equation  greater  than, 
mbserration  ;  and  this  is  even  tne  case  with  Laplace's. 

Having  now,  as  I  thought,  satisfiictorily  accounted  for  the 
VUfference  between  Newton  s  numbers  and  mine,  I  became  more 
#toongly  persuaded  in  myself  that  the  tabular  magnitude  of  the 
nn.  equa.  was  the  difference  of  two  equations ;  and,  therefore, 
J  frequently  tried  to  unravel  the  cause  and  magnitude  of  the 
indeterminate  one,  but  without  success.  At  length,  about  the 
middle  of  the  following  September  (I8I1),  my  attention  beii^ 
jnvcdimtarily  turned  to  a  consideration  of  Newton's  opinion 
respecting  the  cause  of  gravitadon,  I  fancied  that  I  saw  a  tnie 
•olution  (n  the  difficulty  in  question,  as  well  as  a  complete  derti* 
lopment  of  the  cause  of  gravitation.  If,  argued  I  with  myself, 
gravitation  depends  upon  the  action  of  an  elastic  medium,  such 
«l  Newton  supposes,  which  grows  rarer  and  rarer  as  yon 
«4>proach  the  dense  bodies  of  the  sun  and  phinets,  there  ought  to 
tie  some  reason  for  this  variation  of  density ;  and  as  Newton  has 
not,  as  far  as  I  could  perceive,  given  any,  I  began  to  consider 
what  it  might  *  he.  And  after  some  little  thinkmg,  it  occurred 
to  mSf  that  if  this  medium  be  of  the  same  nature  as  our  atmo- 
icphere  and  other  gaseous  bodies ;  that  is,  if  it  he  capable  vX 
Iteing  expanded  by  heat,  and  contracted  by  cold,  then,  the  sun 
ieing  a  very  hot  body,  and  the  heat  being  so  much  the-greater 
-die  nearer  we  are  to  him,  the  density  of  the  medium  ought, 
therefore,  to  decrease  with  a  decreasing,  and  increase  with  aa 
increasing  distance,  the  same  as  Newton  would  have  it.  And 
1>ecanse  we  find  by  experience  that  dense  soUd  bodies  receive 
^eat  more  stronm  than  much  rarer  ones^  particuhtriy  Uian 
^ases,  the  dense  bodies  of  th&  planets  being  heated  by  the  solar 
rays  as  well  as  by  the  medium  'about  them,  ought,  it  appeared  to 
ne,  to  be  hotter  than  this  medium,  and  co^nsequently  on^t  to 
produce  the  same  effects  on  the  medium  as  the  sun,  though  not 
10  BO  great  a  degree.    Therefore  if,  as  Newton  imagines,  the 

■  The  only  »e«iiin«i  I  had  iten  of  Kewwn'i  jdwa  of  tha  nibjtet  wbt;  ta  Wi  OpiiWi 
— '  It  tUc  end  of  die  Piindpiiu    I  Imtc,  however,  latdjr  md  ■  leUei  Out  be  wnM.W 
"""'"    ---""'inBiihcmHorslejr'iicditionofhiiwork*,  rt«dnl^^TB»JMi|fc 
lium  wbdng  of  the  wn«  nature  IS  ouridr. 
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partides  of  the  planets  be  impelled  towards  the  sun  by  the  ine- 
qutdity  of  pressure  on  their  further  and  nearer  sides,  the  denser 
parts  of  the  medium  pressing  more  forcibly  than  the  rarer,  th« 
same  reason  will  likewise  hold  good  why  bodies  should  be 
impelled '  towards  the  planets  and  other  material  parts  of  th« 
system. 

And  by  considering  these  things  further,  it  seemed  to  me  that  - 
if  auch  be  the  cause  of  gravitation,  the  intensity  of  the  impelling 
force  should  be  subject  to  the  influence  of  two  circumstancea ; 
namely,  the  number  of  particles  in  the  central  bodv,  and  their 
temperature ;  so  that  it  becomes  greater  when  eitner  of  these 
becomes  greater,  and  less  when  it  becomes  less.  But  since  the 
earth  in  its  passage  round  the  sun  is  sometimes  at  a  greater  and 
sometimes  at  a  less  distance  from  it ;  and  since  the  region* 
which  are  nearer  the  sun  arc  hotter  than  those  which  are  nu>re 
remote,  the  temperature,  and  consequently  the  attraction  of  the 
earth,  should  increase  as  the  earth  approached  the  sun,  and 
diminish  as  it  receded  from  it,  so  as  to  be  greatest  about  thft 
peiihelion,  and  least  about  the  aphelion.  And  thb  being  the 
case,  the  moon  must  move  in  a  contracted  orbit,  and  swifter 
lound  the  perihelion  earth,  and  in  a  dilated  orbit,  and  slower 
round  the  aphelion  earth  ;  by  which  means  an  equation  to  the 
moon's  mean  motion  must  be  generated  contrary  to  the  ann.  equa. 
and  diminish  it,  the  same  as  I  had  supposed  some  unknown 
equation  ought  to  do  with  the  theoretical  annual  equation  t» 
reduce  it  to  the  tabular. 

Thus  it  happened  that  the  inadequate  method  of  computatioa 
I  had  adopted,  brought  out  a  quantity  which  so  well  accorded 
with  my  first  tiieoretical  views  of  the  cause  of  gravitation,  that  I 
could  not  help  placing  great  confidence  in  the  theory  I  had 
embraced.  I,  therefore,  carried  on  my  speculations  with  that 
ardour  which  a  strong  prejudice  in  favour  of  the  truth  of  my 
principles,  and  the  sanguine  hopes  of  succeeding  in  so  great  k- 
problem  as  that  of  developing  tlie  cause  of  gravitation,  might 
naturally  be  supposed  to  inspire ;  but  I  soon  found  that  heioro 
I  could  proceed  any  further,  I  must  establish  the  cause  of  heat^ 
and  reduce  its  phenomena  to  mathematical  laws.  This  I  at  fint 
attempted  to  do  by  endeavouring  to  find  out  the  relation  which 
shoula  exist  between  the  masses  of  the  particles  of  the  ethereid 
medium  and  their  repulsive  force,  in  an  equation  connected  witk 
thdr  distances  from  the  sun.  Bi(t  being  disappointed  in  this, 
and  a  great  number  of  other  ^attempts  that  1  made,  I  became 
much  dispirited,  and  was  often  on  the  point  of  forming  a  reso- 
lution never  to  consider  the  subject  again.  Indeed  I  frequently 
wished  to  persuade  myself  that  the  discovery  was  altogether- 
beyond  the  reach  of  human  ability  ;  and  with  this  view  toed  t» 
Arost  it  entirely  from  my  mind.  Yet  someUmes,  when  my 
thoughts  were  involuntarily  turned  ttiis  way,  the  idea  tiiat  lwi> 
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inanimate  bodies  could  act  on  each  other  at  a  distance  witbollt 
some  other  ineans  than  that  of  a  mere  tendency,  or  mclinatioo^ 
in  them  to  approach,  would  appear  eo  strongly  unphilosopbical^ 
and  the  apnareat  coincidence  of  several  phenomena,  with  con- 
chisioha  I  had  drawn  from  m^  notions  of  gravitation,  so  vety 
seducive,  that  I  could  not  avoid  thinking  the  views  I  had  taku 
■were  tolerably  correct;  and  that  there  was  only  wanting'the 
tdirection  of  some  happy  idea,  which  patient  perseverance  might 
ttossibly  attain,  to  set  the  whole  in  a  clear  and  irrefragable  lignt. 
^UB  between  hope  and  despair,  between  unceasing  attempts 
and  mortifying  failures,  I  continued  until  May  1814,  at  which 
time  my  ideas  of  heat  underwent  a  complete  revolution.  Previooa. 
lo  this  time  I  had  conceived  heat  to  be  the  effect  of  an  elastic 
Buid;  and  on  tliis  supposition  had  repeatedly  attempted  b> 
reduce  its  laws  to  mathematical  calculation;  but  wiiform  disa^ 
pointmeat  at  length  induced  roe  to  give  this  hypothesis  a  carenf 
iDve^gatioo,  by  comparing  it  with  general  and  particular  phseno- 
mena.  The  result  ol  this  investigation  convinced  me  that  heat 
could  not  be  the  consequence  of  an  elastic  fluid.  At  the  time  I 
was  mailing  this  comparison,  I  took,  every  opportunity  of  exa^ 
artining  how  far  the  other  hypothesis  (which  until  now  I  had 
forgot  was  sanctioned  by  the  names  of  Newton  and  Davy^ 
screed  with  phicnomena,  and  was  so  well  pleased  with  its  sim- 
jmcity,  and  the  easy,  natural  manner  in  which  the  different 
phsenomena  seeroed  to  flow  from  it,  that  I  regretted  havings 
neglected  it  so  long,  and  determined  to  consider  it  more  atten- 
tively. A  difficulty,  however,  soon  appeared  in  the  application 
ef  this  theory  of  neat  to  gaseous  bodies,  which  I  had  some 
trouble  to  conquer;  for  as  X  still  adhered  to  the  hypothesis  &t 
gases  being  composed  of  particles  endued  with  the  power  oT 
mutually  repelling  one  another,  I  could  by  no  meads  imaging 
bow  any  intestine  motion  could  augment  or  diminish  this  power. 
Here  then  I  was  involved  in  another  dilemma ;  but  after  1  had 
revolved  the  subject  a  few  times  in  roy  mind,  it  struck  me  thdt 
if  gases,  instead  of  having  their  particles  endued  with  repulsive 
forces,  subject  to  so  curious  a  limitation  as  Newton  proposed, 
were  made  «p  of  particles,  or  atoms,  mutually  impin^g  on  one 
another,  ana  the  sides  of  the  vessel  containing  them,  such  jl 
^sonsUtution  of  aeriform  bodies  would  not  only  ne  more  simple 
than  repulsive  powers,  but,  as  far  as  I  could  perceive,  would^ 
.  fconsisteat  wJtb  pheentuneiia  in  other  respects,  and  would  admit 
ot-an  easv  application  of  the  theory  of  heat  by  intestine  motim. 
Sndi  bodies  I  easiJy  saw  possessed  sdveral  of  the.  properties  ttF 
gases;  for  instance,  they  would  expand,  and,  ifthe  particles  be 
vasUy  small,  contract  .almost  indefinitely;  the)^  elastic  force 
would  increase  by  an  increase  of  motion  or  teoq>Matare,  and 
aUmiaish  by  a  diminution;  they  would  coaceive  heat  rapidly^' 
wid  cooduct  it  slowly ;  would  generate  heat  by  BUddta^cfBO- 
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wnuidn,  'Bodt'destoOT  it  l^.  sudden  :racefaetion;..aBd  aniytwt). 
M*iqg"«ver.BO-'«[Hfin-.  a  oomBunrication,  'would  ^mi^y  .ma 
et{aally  mtenBiz. 

Besidos  tbcfle,  other  properties  equally  eonsi«tent  and.giattfy- 
iog,  presented  theou^ves ;  but  as  thwe  were  mf  raly  looseviswa 
^fjthe  subject,  I  soon  refiolved  to  examineitniore  ifgon)uaLy,«)id 
tottrttif  1  could  iBot  briog  it  to  th«  test  of  mathematical  lams, 
laAkia,. however,  Imet-with  a  difficulty  coosiderably  superior  to 
Miy  I  hftd  yet  eocounteced  in  tlie  cnurse  .of  .my.analysiSr  an^ 
wbiGb,. before  1  oreEcame  it,  gave  tae>raore  real  uneasiness  than, 
pMrhafier>  itean  be  imagined  it  should.  But.the  truth  is,  .my 
)*ewa  of  the' sut^ect  expanded  bo  much  aal-proceededthatevea 
ia.tliia -ewly  staga  1  fancied  1  perceived,  in  >tha  solution  of  tho 
pfoUetr*  I  wea  about,  not  only  the  discovery  of  the  cause  oifgia* 
vitttUon,  bat  ako  of  Uk  eausefr  of  all  the  other  phEenomeBa^ 
mdare;  uid  my  thoi^ts  were,  tborefore,  turBeil  ^pon  it  with 
Mt'itNt^iasnesa'aad'anxiety  which  I  never  before  esperieoced, 
aad  which  can  eCEUvely  be  appreciated  except  by'those  whohaive 
bceni  placed  jn  a  similar  situation.  To  meet^nowr^harefbre, 
ivbeiii  I  thought  I  had  almost  completed  the  'discoveiy,  with,  an 
obrtacle  .wbioh  it  baffled  my  utmost  eSbrts  .bo  surmount,  and 
l^iiah  thiieatMied  deatrpotioa  to  the  fabric  I  had  so  laboriously 
eadftsKOiwed  to  vaise,  .was  a.  shock  I  had  hardly  philosophy 
ewHtgh  to-wiUiBtaad.  However,  as  I  had  proceeded  so  fai-,  ana 
had  been  so  jsuch  led  away  by  the  seducing  coincidence  of  Uie 
tensequaooes  of  aiy  theory-wuh  phaoomena,  I  determined  to 
«xamiae.Jtthoroughly,<and,'if  I  should  fiad.it  erroneous,  to.pub- 
k^  it  together' with  the  illustration  of  its  errors,,  that  if  it  could 
Aft'.'Bo  ot^ergo<Ml,.'it  might  serve  Cora  beacon  to  prevent  other* 
ftom  Tuncung  against  the  rock  on  which  my  hopes  and  expeota- 
Intia.  had  been  wrecked. 

Theebst&cLe  to  which  lallude  is  this :  I  sawdirecUy  I  began 
to.eoQsider  ciroumstances  attentively,  tliat  if  the  constitution  o( 
things  be^  sach-  As  I  supposed,  the  ultimate  .atoms  of  all  bodiej^ 
and,  Jberefore,  the  particles  ofthes^  gases,  which  I  looked  upon 
to  he  no  more  than  these  idtinwte  atoms,  nuist  be  absolutely 
hard;  they  must  admit  of  no  breaking,  splitting,  shattering,  :oc 
Wy  impression  whatever.;  and  yet  if  the  .gases  are  to  maintain 
tteirelaatio  property,  and  this  property  be  tha  result  of  the  pai^ 
ticles'  mutually  impmging  on  one  anoUier  and  the  sides  of  the 
containing  vessel,  the  particles,  or  atoms,  must  likewise  be 
elastic;  that  is,  tjiey  must  beaoft;  for  elasticity,  according  t^ 
Aft>id«aB-we  have  of  it,  is  notfaiag  hut. ac^e  softness.  There« 
fei«,.it  appeared  to  me  that  the  ultimate  atoms  ought  to  posses^  . 
two  propBcties  in.  direct  contraciety,  baldness  and  sofhuess, 
llhiw  is  aaiufebfly  impossible. 
iHMting'ainved  at  this  ooodusion,  which  appeared  to  jandef 
the  pMbc^lity  of  success  .of  all  future  ioquiries  in  this  traisk, 
'tWfiiial»^.»t«igi>t  Jw.ai^iyweti tb»triay <flmrts -wpoM  have  tern 
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£ 'mated.  Nor,  pertiaps,  is  there  wxj  ttam  that-  could  have 
duced  me  to  peiplex  myself  any  more  witn  tJiis  subject;  but 
ike  resolution  1  nad  formed  to  examine  it  thoroughly,  and  a  food* 
ness  for  the  plaosibilit^  of  my  preconceiTcd  notion*  that  I  could 
not  shake  off,  and  which  woold  (rflsntimes,  eren  againat  mv 
inclination,  prompt  me  to  tiy  to  explain  away  the  fSsurditr  I 
liad  brought  oat.  The  first  thinjg  that  suggested  itself  for  Uu* 
lurpose  was,  that  elasticity  mignt  spring  from  a  different  sonrce 
0  what  was  commonly  believed,  and  might  be  the  property  of 
liardaess ;  for  I  observed  that  the  harder  the  bodies  are,  gene- 
rally  speaking,  the  more  elastic  they  are.  Thus  glass  is  Teir 
hard,  and  likewise  very  elastic ;  and  the  same  is  true  of  steu, 
and  most  of  the  other  metals.  Upon  this  hypothesis,  therefore, 
I  now  tried  to  investigate  the  laws  of  gaseous  bodies ;  and  as 
far  as  t  then  carried  my  speculations,  the  conclusions  I  drew 
exactly  coincided  with  pfaeenomena.  But  reflecting  more  deeply 
on  the  subject,  I  convinced  myself  that,  however  well  these 
inferences  and  pheenomena  might  agree,  elastici^  could  not  be  ft 
pro|>erty  of  hardness  ;  and,  therefore,  that  the  hypothesis  I  had 
assnmed  could  not  be  correct.  At  length,  after  a  great  deal  of 
intense  and  fruitless  thought,  I  remembered  that  when,  some 

J  ears  before,  reading  the  vulgar  doctrine  of  the  collision  of  hard 
□dies,  I  was  very  lar  from  being  satisfied  with  it ;  but  looking 
upon  it  then  as  an  abstract  and  almost  useless  subject,  I  conla 
not  summon  resolution  enough  to  give  it  a  critical  investigation. 
Being  now,  however,  drawn  to  the  point  by  my  anuytical 
inquiries,  the  recollection  of  this  dissatisfaction  excited  me  to 
consider  the  circumstances  connected  with  it  attentively.  Ihe 
result  of  this  consideration  was  a  theory  for  the  collision  of  hard 
bodies,  so  vejv  difierent  from  the  received  theoiy,  that  it  was 
not  until  I  had.  examined  it  in  a  variety  of  shapes,  had  brought 
it  to  the  test  of  experiment  by  my  mathematical  investigation 
of  the  laws  of  gaseous  bodies,  and  had  fonnd  that  a  meory 
■omething  like  it  had  been  formerly  given  by  Wren  and  Hny- 
^ns,  that  I  could  satisfy  myself  I  Had  not  committed  some 
oversi^t.  But  having  considered  and  reconsidered  it  many 
different  ways,  without  discovering  any  thing  that  could  militate 
against  it,  I  proceeded  to  carry  on  my  theory  as  far  as  I  judged 
it  would  be  wanted,  and  then  assumed  the  following  postiuata  aa 
file  basis  of  my  future  inquiries. 

'  Pottulata. 

1.  Let  it  be  granted  that  matter  is  composed  of  inert,  massy, 
perfectly  bard,  indestructible  atoms,  incapable  of  receiving  any 
diaoge  or  impression  in  their  onginail  figure  and  nature. 
'  2.  Let  it  be  granted  that  all  solid  and  fluid  bodjes  have  their 
smaller  parts  composed  of  these  atoms,  which  may  be  of  different 
sizes  and  figures,  and  variously  associated,  according  to  die 
mioner  which  the  constitution  and  nature  of  the  bodies  reqwn. 
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3.  Let  it  be  granted  that  gaaeons  w  aeiiform  bodies  f 
of  Ktoma^  orpnrticleB,  moving  about,  aDd  among  one  aaoth^ 
with  perfect  freedom. 

4.  Let  it  be  granted  that  what  we  call  heat  arises  from  aa 
intestine  motion  of  the  atoms,  or  partides,  and  is  {»(^rtioBd 
to  tbeir  individual  momentum. 

6.  Let  it  be  granted  that  a  gaseous  body  of  very  great  t«ntii^ 
in  its  parts  fills  all  space,  and  extends  to  its  utmost  Umits. 

'  I  have  purposely  put  these  hypotheses  (if  indeed  we  can  call 
those  things  hypotheses  which  have  been  deduced  from  thtt 
analysis  of  pheenomena)  into  the  form  of  postulata,  to  avoid 
b^ng  obliged  to  estabhsh  them  by  direct  demonstration.  It  it 
not  my  intention,  for  the  reasons  I  have  already  given  in  the 
banning  of  this  memoir,  to  make  any  comparative  remarks  on 
-their  relative  simplicity  and  probability.  I  shall  only  say  a  few 
words  for  the  purpose  of  explaining  the  difference  between  my 
viewfl  on  certainpoints  and  those  which  have  been  taken  by  others. 
One  of  the  sublimest  ideas  of  the  ancients  was,  that  there  is 
but  one  kind  of  matter,  from  the  different  sizes,  figures,  and 
arrangements  of  whose  primitive  particles,  arises  all  that  beau- 
tiful variety  of  colour,  hardness  and  softness,  solidity  and 
fluidity,  opaciW  and  transparency,  Sac.  which  is  observed  in  the 
productions  of  nature.  Our  firRt  two  postulata  do  not  necessa* 
lily  require  that  there  should  be  but  one  kind  of  matter ;  there 
may  be  several  kinds.  But  since  it  seems  possible  to  account 
for  all  the  phienomena  on  the  supposition  of  one  kind  only,  and' 
since  nature  is  always  disposed  to  employ  the  simplest  machi- 
nery, probability  is  strongly  in  favour  of  the  ancient  idea.  In 
fiuit  it  does  not  seem  to  be  impossible,  from  some  of  the  phseno- 
mena  of  light  and  other  circumstances,  to  show  that  nature  has 
embraced  me  simplest  means,  and  has  likewise,  if  not  in  ^e 
size,  at  least  in  the  figure  of  the  atoms,  confined  herself  within 
certain  limits.  But  these  things  are  too  recondite  to  be  pursued 
in  this  memoir ;  and  experiments  have  not  yet  furnished  us  with 
suEBcient  data  to  be  able  to  exhibit  the  exact  line  and  rule  with 
which  nature  has  laid  out  her  work. 

Philosophers,  since  the  time  of  Newton,  have  taught  us  that 
the  elasticity  of  gases  is  owing  to  a  mutual  repulsion  betweeQ 
th«r  particles,  by  which  they  endeavour  to  fly  from  one  ano- 
ther; but  by  our  third  postulatum  we  have  divested  motter  of 
this  repulsive  property,  and  nevertheless,  as  it  will  be  seen,  the 
laws  of  gaseous  oodies,  investigated  under  this  point  of  vieWj 
agree  mathematically  with  phenomena. 

The  advocates  for  the  theory  of  heat  by  intestine  motion  have 
usually  considered  the  temperature  as  measured  by  the  vefocity 
^  vibration ;  and  I  am  not  aware  that  any  of  them  have  defined 
It  otherwise.  This  will  do  very  well  for  different  tempieratores  of 
Tisane  body;  but  it  seems  to  require  the  theory  I  have  .given 
Bt  tiie  foaiik  postulatum  to  enable  us,  under  all  ciicanwtMWMSt 
tocompare  the  temperatures  of  different  bodies.     ,  (  :'A|-;(j|r' '  ' 
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:in>the  ftfth  pmtalstaim-I-fae*e  pMn  tbe  fimd  of  Nenvton^or 
«z[dBning:|iie'0aa«e'Offaivitati<ni.  . TUs. iUustnonB phMoMfilifar 
has  so  clearly  developeahis  ideas  of  the  aature  and  totaoQ^Mf 
Ahi8;.sdlefml  fluid,  that  I  have  bad  scarcely  aay  Udag  to  do  i>at 
to:  ooofirm  then  with  the  appticattoB  of  the  piiaeiples  of  otn 
third  and  fourth  poatulata.  It  is  trae  thkt  the  novelty  of  tbc 
visffs  L  hare  beeti' obliged  to  take,  and  the  oidKateimesa  of  the 
track,  .have  rendered  even  this  a  task  of  aome  diffieohy ;  but 
iths  msults  I  have  obtained  will,  I  preMiine,  coavuice  t^e  Royal 
Society  that  my  efforts  have  not  been  wholly  unsncoeaBfal ;  aM 
khat  tme  idea,  of  Newton,  which  has,  from  the.  nniforKi  want  of 
■uccesa  to  demonstrate  it,  o^n  been  [daced  to  the-  aceoont  4^ 
4hie  ^grsftt  man's  foibles,  was  not  ^opted  upoaligbt  gnuads,  or 
<ritliout>matnre  consideration. 

Of  the- Collision  of  perfectly  iiari>  Bodiks. 
Dejimtiora  of  Hardness,.  Soft»eu,tad  Elaatidtj/. 
Def.  1, — ^Tfaat  body  is  perfectly  hard  whose  figure  cannot  be 
altered  by  any  weight,  or  percussion. 

Coro//a;y.— i-Hence  a  perfectly  hard  body  most  also  be  per- 
fectly entire;  for  if  it  be  composed  of  parts,  there  may  be  a 
force  gu£Sci&tit  to  separate  them,  and  then  the  figure  would  be 
ehanged,  which  is  against  the  definition.  By  a  hard  body,  I 
mean  one  without  parts,  unchangeable,  and  indivisible,  such  as, 
perhaps,  the  primaiy  particles  of  matter  are, 

-De/'.  2.— The  figure  of^  soft  body  yields  to  pressure,  or  per- 
cussion, without  recovering  itself  again. 

'  Cor, — Hence  a  soft  body  cannot  be  entire,  but  must  be  com- 
posed of  parts,  which,  being  displaced,  retain  whatever  sitnatioD 
i6  given  them. 
'  liif.  3. — A  perfectly  elastic  body,  like  a  soil  one,  sufifers^ 
!6gure  to  be  changed  by  force,  but  recovers  it  again  with  an 
energy  equal  to  the  force  by  which  it  was  changed. 

t'or.l.— ^Therefore  an  elaBtic  body  does  likewise  consist  tif 

S articles,  which,  like  the  particles  of  a  soft  body,  maybe 
ei^nged ;  but  as  soon  as  the  power  is  overcome  by  wliich  they 
*ere  disturbed,  they  exert  as  much  force  in  recovering  their 
.situation,  as  was  used  in  depriving  them  of  it. 

Cor.  2. — Because  an  elastic  body  recovers  its  "figore  with- the 
same  force  by  which  it  was  changed,  as  much  motion  ie  gene- 
Iftted  in  the  recovery  as  was  destroyed  in  the  loss  of  the  figtire. 


<if-1«o  bodies  sbseUtely  hard  .  npiti|^  «ii :  one  aaothw^ 
lli«>dUf«i«n,'or-«tiHUtaets,  «f  tW  Mr«k«,«i  indepmdoit < Af 
4b(rJve)iMi*ytof «be  «0Btaet ;  ifaafrisifibM  neitkecmfiBeBtad  mm 
iimmlikmiiayvay  'immima  4ir'MmmuiKn  wf  ihMiwi«ttwc€iaw)|r 
of  the  bodies.     .  u..e.,,GDOglG     '    '    , 
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~^OT~the  botJies  beitig'Bbsoltttely  hard,  their  ■figures  doint 
yiUd  to  any  BtK)ke;  however  great  it  maybe,  aed,  therefere^-lfa* 
shock  is- no  fiObnergirenat  one  part  thaaiit  is  eqltdh- f^'«t 
every  other;  that  is,  ^apposing  the  etrokeis  given  in  tbe^me^ 
tion  of  the  centre  of  gmvityl  Therefore,  the  stroke  can  hanca* 
daration,  and  consequently  do  increase  or  diminutioaofTdiwitiy 
can  produce  a  difference. 

'F&e  same  thing  mi^t  also  be  proved  thus  :  Let  two  nneqnal 
liard  balls,  moving  -with  equal  momenta  in  opposite  directioBS, 
Tie  conceived  to  come  in  contact  at  the  same  tirtie  with  tfae^orato* 
site  parts  of  another  hard  ball  at  rest,  then  will  the  intermediafee 
ball'  remain  at  rest,  and  not  titubate  the  one  way  or  the  «th«B, 
nor  be  any  more  affected  iJian  if  it  had  not  been  fitnick  at'dl^ 
for  flinch  the  contacts  are  made  at  the  esme '  time,  if  the  inter- 
-mediate  hall  titubates,  that  ball  towards  which  it  moves  mmit 
take  a  longer  time  to  give  its  stroke  than  the  other,  and  CMSOtt 
have  competed  it  imtil  the  titubation  is  destroyed,  because,  ;«ft 
soon  as  the  strokes  are  finished,  the  intermediate  body  evidently 
becomes  quiescent  in  conseqiience  of  the  assumed  equality  of 
the  momenta ;  but  the  balls  being  absolutely  hard,  theirtigares 
do  not  yield  to  the  stroke,  and,  therefore,  this  exterior  ooii^ 
itself,  towards  which  the  intermediate  one  titubates,  bef(«eitt 
has  fiaished  its  stroke,  must,  on  the  supposition  of  (ittibation  in 
the  middle  ball,  have  moved  backwards ;  that  is,  beforeat  bis 
'finished  the  stroke,  it  must  have  had  all  its  momentum  destreTsd, 
and  a  new  contrary  one  generated.  Butthewhole  stroke  wnidh 
tiie  ball  could  give  consisted  in  its  momentum  ;  consequeody  thtt 
'body  must  have  given  its  entire  impulse  before  it  has  completsd 
it,  -which  is  absnrd.  Therefore  the  intenncdiate  body  do«a»ot 
]titnbate,  and  the  strokes  are  made  equally  smart  or  in  equal  po»- 
IJMis  of  time,  ot  rather  both  strokes  are  made  in  poitioRB^of 
time  which  have  no  duration. 

By  deducing  the  collision  of  hard  from  thatof  sofft  bodieBjiwe 
%kewise  arrive  at  the  swne  conclusioQ.  At  the  momeattwosoft 
wwKts  come  in  contact,  the  anterior  parts  of  the  second  body 
'Commmiicate  motion  to  the  posterior  parts  of  the  fintt  body,  ana 
a  Blight  <Aeck  is  given  to  the  second.  The  parts  of  the  bodifl» 
^^c&ig  to'thc  blow,  the  bodies  themstjres  approach  Bearer.  'Jn 
nie  second  instant  another  acceleration  and  retardation  tabs 
I>Iace,  and  the  bodies  approach  still  neuer.  The  same  tlHnvs 
finsne  in  the  third  and  succeeding  instants,  -ontil  at  lenglh  .t£e 
'Second  body  has  itself  lost  and  commnnicated  to  the  fint  bo<fy'4 
-suffitnent  degree  of  motion  to  enable  it  to  move -wAh  the -eMab 
■ftlccity^wbich' Uie  second  body  has  Chen  left;  after-wbioKtbe 
Ma^eceases,  the  two  bodies  are  at  <^eir  least  <liBtance,'wld^ 
wi  together.  Thus  it  is  with  the  collision  of  soft  bodies,  •Bd 
|mi»e-vrhose  figures  are  yielding,  except,  perhaps,  that  the 
wrokesare  given  in  continued  unceasing  pressure,  wad;  fiOt  in* 
«^^>0Q  o£ni;ipttlse6at4tU:^-iAterfalB;  but  in  wUclwver  miy 
"^'(!eiieeiy«d-to'1>edc}ne/it  amountrtcr<the4tiiielM^t-«fd 


f84  Mr.  Htr^patk  on  the  Cmttet,  Lamt,  andprindpat  [Apiii, 
Snie-is  xlways  conenmed.  If  now,  other  thirgs  being  alike,  we 
•iqtpoBe  the  bodies  to  iocreaee  in  hardness,  then,  since  their 
parts  have  a  less  diB[>o8iti(Hi  to  ^ield  to  the  force  of  percusBioii, 
ihe  intensity  of  the  impubes  (if  we  suppose  the  stroke  to  be 
fpven  in  impulses)  will  be  stronger,  the  quantity  of  motion  conw 
nnnicated  oy  eadi  greater,  and  the  time  of  the  whole  stroke, 
tiierefore,  shorter.  And  if  we  suppose,  cteteris  paribus,  the  hard- 
ness to  increase  still  more,  the  duration  of  the  stroke  will  be 
still  less,  until,  if  the  hardness  be  perfect,  there  will  be  no  yield* 
ii^  of  figure,  and  no  duration  for  the  strokes.  And  since  thii 
is  the  case  with  every  stroke  between  perfectly  hard  bodies,  it 
Jbllows  that  all  the  strokes  between  bodies  absolutely  hard  have 
no  duration,  and  are  thence  eqnall^  smart. 

Cor. — Hence  we  gather,  that  in  perfectly  hard  bodies,  the 
intensity  of  the  impulse  depends  on  the  viidence  or  momentam, 
of  contact,  and  is  independent  of  the  velocity  of  contact,  except 
inasmuch  as  it  is  augmented  or  diminished  by  that  velocity. 

Prop.  II. 

If  a  hard  spherical  hody^  impinge  perpendicularty  on  i 
hard  fixed  plane,  the  body  will,  aiter  the  stroke,  remain  at  rest 
on  the  plane. 

For  the  plane  having  no  motion  of  its  own,  and  being  fixed, 
.the  force  with  which  the  bodies  come  in  contact  will  be  equal  to 
.the  momentum  of  the  hall ;  and  because  action  and  reiiction  are 
equal  and  contrary,  this  momentum  is  the  force  with  which  the 
ball  acts  upon  the  plane,  and  the  plane  reacts  upon  the  ball  at 
the  instant  of  contact.  The  force,  therefore,  with  which  the 
.bqll  is  acted  on  by  the  plane  at  the  time  of  the  contact  in  a 
-direction  opposite  to  its  motion  is  just  equal  to  its  momentuBi; 
conseqaentiy  the  momentum  and  action  of  the  plane  being  equal 
and  opposite  destroy  one  another ;  and  the  ball  having  no  other 
tendency  continues  at  rest  on  the  plane. 

Cor.  1. — Hence  a  hard  ball  impinging  obliquely  upon  a  fixed 
hard  smooth  plane  shdes  along  the  surface  of  it  in  a  determinate 
direction  with  a  determinate  velocity.  For  if  the  motion  of  the 
body  previous  to  the  contact  be  resolved  into  two,  one  perpendi- 
colar  and  the  other  parallel  to  the  plane,  the  perpendicular  part 
win  be  entirely  destroyed  by  the  contact,  but  the  other  part 
.being  that  with  which  the  body  would  neither  recede  from,  no^ 
^>proach  the  plane,  will  continue  the  same  after  as  before  the 
stroke,  and  will  induce  the  body  to  slide  along  the  surface  of 
[Ae  plane  in  its  direction,  and  witn  its  entire  force. 

Cor.  2. — From  this  proposition  it  appears  that  if,  instead  of 
the  plane,  the  body  meets  with  anouier  equal  and  hard  bo«f 
moving  equally  in  an  opposite  direction,  the  intensity  of  the 
•troke  will  be  twice  as  great  as  between  the  body  and  the  plan^^ 
.for  the  phtne  being  fixed  contributes  nothing  to  the  violence  ot 
the  Uow,  but  the  other  body  commg  witK  an  eqoal  force  in* 
.contrary  direction,  adds  its  whole  raoUon.to  the  force  withffbicii 


the  other  body  would  have  come  in  contact  mik  the  plaae,  aad^ 
therefore,  makes  the  etrolte  twice  as  great. 

This  might  probably  be  made  more  obvious  thus  :  Suppose  ;! 
hard  plane,  or  other  body,  be  held  against  a  fixed  hard  body, 
and  in  this  way  receive  the  impulse  of  the  ball ;  then,  becauM 
Aat  part  of  the  intermediate  bc^ly  which  is  against  the  fixture  i* 
not  ut^d  any  way  by  that  fixture,  the  force  with  which  the  baH 
comes  m  contact  with  the  other  side  is  the  force  with  which  tb* 
sides  of  this  intennediate  body  are  driven  together;  but  Uu> 
force  is  the  monumentum  of  the  ball;  therefore,  thatmomentum 
is  the  force  of  constipation  in  this  case.  But  if  we  now  fix  the 
intennediate  body,  and  instead  of  the  fixed  body  on  one  side  of 
it  imagine  another  equal  ball  to  come  in  contact  with  it  at  the 
same  time  as  the  former,  and  with  an  equal  momentum,  then  the 
force  with  which  each  snrface  of  this  intermediate  body  is  ursed 
towards  its  centre  is  equal  to  the  momentum  of  each  of  the  bws; 
and,  therefore,  the  force  with  which  the  two  suHaces  are  ui^ed 
together  is  equal  to  the  sum  of  these  momenta,  or  to  twice  one 
of  them  ;  but  this  force  is  manifestiy  the  force  with  which  the 
two  balls  would  have  come  in  contact  if  there  had  been  no  ititer- 
mediate  body;  therefore,  that  force  is  the  double  of  the  force 
with  which  either  body  would  have  struck  a  fixed  plane. 

Cor.  3. — Uence  if  two  hard  and  equal  balls  come  in  contact 

with  equal  and  opposite  momenta,  the^  will  separate  atW-  the 

stroke  with  the  same  velocity  with  which  they  met.     For  since 

I    the  intensity  of  the  stroke  is  the  force  with  which  each  of  the 

balls  is  acted  on  in  a  direction  opposite  to  that  in  which  it  came 

I    at  the  time  of  the  contact ;  and  since  that  intensi^  is  by  the 

.    preceding  cor.  equal  to  twice  the  momentum  of  either  ball,  each 

ball  at  the  time  of  the  contact  might  be  conceived  to  be  acted  oe 

,    by  two  opposite  forces,  one  its  momentnm,  impelling  it  towards 

toe  other  ball ;  and  the  other,  the  force  of  the  contact  equal  to 

twice  its  momentum  impelling  it  in  an  opposite  direction.    The 

diSerence  between  these  two  forces,  therefore,  or  the  value  of 

one  momentum,  is  the  force  witii  which  each  ball  retraces  its 

path ;  and,  consequently,  the  velocity  of  the  separation  of  the 

oaUs  is  equal  to  the  velocity  of  their  approach.    This  coincides 

wiUi  the  theories  of  Wren  and  Huygens. 

Sc&otium. 
By  the  old  theory  of  collision,  two  hard  bodies  coming  in  cob- 
t&ct  with  equal  opposite  momenta  will  not  separate  after  the 
CDpisionibutwiH  continue  together;  and  the  reason  assigned  fi>r 
^is  is,  that  being  unelastic,  they  cannot,  when  they  meet,  exert 
Uiemselves  to  separate,  and,  therefne,  must  remain  together. 
Such  a  method  as  this  is  not  reasoning  from  the  property  (tf 
MTdnesB,  the  physical  force  of  the  impulse,  and  the  effect  which 
uat  force  would  have  upon  the  motions  of  the  bodies ;  bat  from 
'"B  absence  of  a  prt^rty  which  does  not  belong  to  this  dbflsof 
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lAdiea^  but  to -QAc.wboBS- nBtura  ia  bo  viy  digewntj  aaitp  bi> 
umost  the  very  opposite.  Hardness  and  softn^s  axe  duuaetiii- 
(MfopponiepwpsitiBii  and  elasticity  is  nothing  bat  aoaotiTe 
kioa  orsoftDeas  t  for  elasticity  ooosists  ia  a  v^ross  restoratioB 
«f' aBvaIt«red  figure;  and  no  body  can  have  itecfigure  altered 
-which  is  not  more  or  less  Boft«  Toargue,iherefore,.thattwo  hanl 
tiMKeswhich  meet  eaoh  otber  with  equal  and  contrary  nuouenta 
Mtinot  separate  after  collision,  because  they  have  no  elasticityn 
iM^eridenUy  to  abandoQ  the  defiail^on  of  hardness,  iind  toadt^ 
Ibat  of  elaatioi^,  which  has  no  connexion  whatever  with  it,  and 
•■laeqiMDtly  ought,  in  such  a  case,  to  be  excluded.  It  is  no 
MaMtr  of  surprise,  therefore,  with  such  incongruous  ideas,  that 
MatbranaticiaDs  have  hitherto  had  erroneous  views  of  the  titeoa 
^.c^Usion  of  hard  bodies.  Probably  the  a^^ aient  sterility,,  if 
ttot  inutility  of  the  subject,  has  occasioned  an  apathy  towards  a 
Varupulous  iarestigation,  which  the  slightest  idea  of  its  iiuportT 
ance  would  have  easily  removed-  Had  it  been  imagined  that 
AeoollisicMk  of  hard  bodies  was  connected  with  the. deT«lDp> 
mcDtiwf  the  cause  of  heat,  gravitation,  light,  saa^etism,  electri-. 
a^,Blc  itwould  have  been  serutinizred  with  a  caie  which  nothing 
«aald  have  escaped ;  and  with  a  rigorous  investigation^ .  I  am 
persuaded  our  ideas  of  the  subject  would  have  been  very  differi 
ADt  to  what  tbey  are. 

If  there  be  any  method  of  classification  which  should  liavea 
jtrefsreBce,  it  Sffpearsi  to  me  it  should  be  to  rank  all  those  bodies 
vnd^one  head  which  have  mutable,  and  thosa  under  anothof 
which  have  immi^Ue  figures.  To  lite  latter  class  will  belong 
iMod  bodies,  and  to  the  former  every  variety  of  soft  and  elastic 
Widtes ;  the  <Hie  will  give  their  strokes  instaataneou«ly,  asd  with- 
•it.  the  lapse-of  time;  the  other,  gradually  and  with  time.  In 
Moh '.particular  case,  the  physical  nature  of  the  impulse  should 
ha  considered,  and  a  theory  of  coUisioa  framed  accordingly. 
IV^  such  views,  our  theories  of  collision  would  bemadato  rest 
«n  their  true  and  .vetitable  principles,  the  .physical  nature  of  ihe 
hodiea  and  of  the  strokes  vniich  taey  give. 
:  Mtuy  simple  experiments,  might  easily  be  devised  to  prove 
the  tmthjof  our  seoiaid  cor- ;  for  it  is  immatcnal  on  what  bodies 
we  experiment :  we  can.  draw  the  same  interface  for  any.  The 
thing,  however,  is  so  obvious  that  I  have  generally  considered  it 
in  the  light  of  an  axiom  ;  and  hare  often  ascertained  the  opintos 
oir  other  peofile  on  the  satte  subject  by  the  following,  qaestnn: 
.4*  Sc^^ee  a  hard  sphere,  movmg'  fraely  with  a:  given  velooity, 
strike  directly  upon  a  hard  hxad  body,  it  would  strike  with  a 
ecttaio  intensity :  but  now  suppose  that  instead  of  the  fixed 
bedy  the  moving  sphere  strike  upon  another  hard  equal  body^ 
moving  with  b»  «qual  velocity,  in  an  opposite  direction,  what 
would  be'  tjie:  relative  intensities  of  these  two  strokes  1 "  Ths 
amwar  has  invariably  been,  that  the  latter  would  be-the  doable 
oCtheftnmer.     This,  it  must  be: allowed,  .ia -not  a  mathemaytical) 
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bt-^ren  a  phil09m>lHeftl  wftjr  of  cataUishiiigtha  qtie^tMitf  .butnti 
«■  case  '  Of  thW  kind',  where  1' thought  my  pn^ucUssv  aiif^ 
inAiieAce  my  judgtneDt,  it  aftpeared  no  bad-meukadw^examimag 
tSte-sonndneasoiinyopintoiQ  l)y  tha  standanl  x>f  «tiwr  people^.'^u 
Vtrmt  all  these  circnnffitsaceBj  it  apjicovstlutdleTnlnrKlaDa 
Uwe  of  the  cdlision  of  hard  bodies  isi  in  tUs  paititajlar-on^ 
ioeorrect,  by  making  the  inteDsity  of  tb«  Btrohc  onlylbfrliaiEvf 
what  it  should  be.  For  the  bodies  remaining  togctbei.ailer>tba 
impulse,  the  force  ofthe^trc^eupMieachmostbeequivHleatitd 
^tee  iqotion  destroyed;  that  is,  to  the  raomeotam  of . eithev of 
diem.  £ut  the -force  upon  each  is  the  force<wiUi'  which  tiof 
come  in  contact ;  the  force,  therefore,  with  whioh  tbcgr  ooMe/in 
contact  i&  equal  to  the  momentum  of  one  of  the  j)bUs;  that-ia^ 
agreeable  to  both  theories,  to  the  force  witb  wfai^ieithsrbatt 
awne  would,  with  the  same  momentum,  atrike'a  ixed  plaiw« .   . 

Paop.III. 
If  at  hard  bdll'  strike  another  hard  ball  at  rest  in  tbs  tin* 
of  their  centreH  of  gmvity,  aa  exeb«age  of'  state  w^  t^sH 
place  ;  the  former  will  remam  at  rest  afler  the  strokey  aai  tiM 
mtter  will  proceed  in  the  same  direction  in  which  the-  firat  wa» 
moving,  and  with  the  same  mdmentnm. 

If  this  be  not  the  case,  the  first  body  must,  afWUwipqtltctj 
either  move  backwards  or  forwards  in  the  direction  of  the  other 
body,  with  an  equal  orless  Velocity.  But  it  cannot  move  back- 
■trards,  because  the  intensity  of  the-  stroke  itielf  on  a  quoMcent 
body  can  evidently  never  exceed  the  momentum;  ther^bre, iftil 
motveat  all  after  the  stroke,  it  must  follow  the  ether  body,-  widi 
an  equal  or  less  velocity  than  this  body  aoqoiree  fiwa  tho 
impulse,  Snppose  it  be  with  a  velooity  b,  either  equal  tOy.  or 
less  than,  that  acquired  by  the  other  body;  and  si^^gse^  A 
represcot  the  first  hody,  and  a  its  velocity  before  thf  impacfa 
Then  because  (a  —  b),  A  is  the  motion  lost  by  A,  on  account  of 
the  impact,  and  consequently  the  motion  gained  by  B,  the  other 
body.  This  quantity  represents  the  intensity  of  the  impulse. 
Aba  in  any  other  case  (a'  —  6')  A'  represents  «lso  the  intennttp 
of  the  impulse  ;  but  if  the  quiescent  bodies  be  equal,  aud  it  this 
momenta  A  a,  A'  a',  of  A  and  A',  before  the  impact  be  eqnal^ 
.  tiie  strokes  themselves,  by  cor.  to  prop.  1  will  likewise  be  equal  \ 
*l*at  is,  a  A  —  6  A  =  a'  A'  —1/  A',  and,  consequently,  £  A  a> 
^  A';  or  the  motion  which  is  left  to  each  of  the  bodies, <  A^  A', 
aA«rthe  impulses,  will  he  the  same.  Now  whatever  bethevalas 
of  the  momentum-A-a,  if  weimaginethebody  A  tobe  vastiyleM 
than  B,  the  velocity  of  B  after  the  impulse  must  bC' vtisth^ 
less  tbaik  that  of  A  before  the  impulse;  and,  therefore,  the 
notion  b  A,  which  remains  to  A  after  the  impulse  must,  be 
vastly  lesB'than  A  a,  the  motion  of  A  before  the  impulse^  Ami 
if  "we  suppose  A  so  small  as  to  have  a  ratio  to  B  less  than  any 
assignable  ratio,  the  ratio  of  A  b ;  and,  therefOTe,  of  A'  ^  to  A  aj 
or  A'  a',  will  also  be  less  than  any  assignable  ratio.  .  Thcrefora^ 
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if  the  ntio  erf'  A'  to  B  be  assigiraUe,  tbe  moti<Hi  of  A'  after  the 
itrc4e  will  be  unaBsignably  snull ;  that  ia,  the  body  A  will  remain 
«t  rest.'  And  because  1/  A'  is  inde6iutely  smaU  con^Mired  to 
t^  A',  the  inteneity  a'  A'  —  &'  A'  of  the  impulse  will  likewise  be 
«(pial  to  the  momentum  a'  A'  of  the  moving  body  before  the 
atff^e.  But  since  the  intensity  of  the  impulse  is  the  force  act> 
iDg  upm  the  quiesceat  body  at  the  time  of  the  impulse,  it  is  also 
equal  to  the  motion  acquired  by  this  body.  Therefore,  if  a  bard 
ball  strike  another  hard  ball  at  rest,  Sic. 

Cor.  1.— From  this  proposition  it  is  easy  to, determine  the 
Hiotion  and  direction  of  a  hard  body  striking  obhqaely  with  s 
given  momentum  in  a  given  direction  on  another 
fiard  body  at  rest.  For  if  A  B  be  the  direction  - 
and  momentum  of  the  body  previous  to  the 
stroke^  and  B  C  the  direction  ia  which  it  strikes 
the  quiescent  body  B,  produce  C  B  to  E;  on 
friiich  demit  the  perpendicular  A  £,  and  draw 
B  D  eqaal  and  parallel  to  A  E,  and  B  D  wilt  be 
the  motion  and  direction  of  A  after  the  stroke, 
wd  B  C,  if  equal  to  E  B,  those  Qf  B. 

Cor.  2.— Hence  it  follows,  that  in  any  oblique  collision  on  » 
quiescent  bodv,  the  motions  of  tbe  bodies  after  tbe  impact  will 
be  peip^idiciuar  to  each  other. 

Scholium. 
I  forbear  to  enter  further  into  the  collateral  minutiae  of  this 
iheoron,  because  it  wouldlead  me  too  far  out  of  my  way,  and  I  am 
in  haste  to  arrive  at  things  of  more  importance.  However,  it  is 
necessary  to  state  that  1  have  chosen  this  indirect  method  of 
demonstrating  this  proposition,  for  the  sake  of  making  it  rest  on 
principles  as  different  and  as  independent  as  possible  of  those  of 
a  future  proposition,  from  which  it  will  flow  as  a  corollary. 

Prop.  IV. 

If  a  hard  body  overtake  and  strike  aqother  hanl  body,  .moT- 
ine  with  a  less  velocity  in  the  sarae  right  line,  the  first  body 
wiU,  after ,  the  stroke,  continue  its  courqe  with  the  same 
velocity  which  the  other  bqdy  had  before,  it;  and  the  second 
body  will  acquire  from  the  stroke  a  momentum  eqiml  to  the 
difference  of  the  velocities, of  the  bodies  previous  to  the  contact^ 
drawn  into  the  mass  of  the  first  body ;  that  is,  if  A,  B,  represent 
the  two  bodies,  and  a,  b,  their  velocities  before  colUsion,  the 
motion  of  A  eilerwards  will  he  Ab,  ati\l  that  of  B,  B  i  + 
(a  —  i)  A. 

Because  the  bodies  are  both  moving  the  same  )VRy,  it  is  evi- 
dent that  we  may  conceive  the  second  body,  to  be  at  rest,  and 
the  other  body  to  strike  it  with  a  velocity  equal  to  the  difference 
of  the  velocities  a  and  6 ;  in  which  case  the  proposition  will  come 
to  the  same  thing  as  the  last. '  Therefore  (a  —  &)  A  is  the 
nomeDtum,  or  force,  of  collision;  and  is,,  consequently,  th^ 
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motion  acquired  by  B  and  the  motioo  loBt  by  A.  Whesee  th«> 
motion  of  A  after  the  stroke  is  A  a  —  (a  -~  i)  A  =z  6  A,  and 
that  of  B  is  B  &  +  A  a  —  A  &. 

Cor.  1. — By  this  proposition,  the  direction  in  wliicli  a  boiy- 
overtakes  and  strikes  another  being  given,  as  well  as  the  motions 
and  directions  of  the  bodies  before  me  stroke,  the  BX»tioB8  aod 
direc^ons  of  the  bodies  after  the  stn^e  may 
be  found.  Let  A  B  be  the  motion  and  direc- 
tion of  the  body  A  before  the  impact,  and  let 
B  C  be  the  same  of  B,  and  let  £  B  be  the  di- 
rection in  which  the  imiwlse  is  made  by  A, 
and  D  B  the  intensity  of  it,  or  the  .Qifantity  d 
motion  with  which  A  in  the  line  E  B  overtakes 
and  strikes  the  body  B.  Theji  jois  A  D  and 
D  C,  and  they  shml  be.  respectively  as  the 
quantities  of  motions  and  directions  of  the  bodies  A  aad  B  after 
me  stKtke. 

Cor.  2.-~Draw  A  C  ;  then,  since  A  C  is  the  motion  com- 
ponnded  of  the  motions  A  D  and  D  C,  and  likewise  of  A  B 
and  B  O,  it  follows  that  the  aggregate  motions  of  the  bodies 
before  uid  after  the  str(^e,  reduced  to  the  same  direction,  are 
the  same  :  and,  consequently,  the  motion  of  thecoomion  c.entxe 
of  gravity  of  the  bodies  remains  unaffected  by  the  impulse. 

Prop.  V. 

If  two  perfectly  hard  bodies,  mqving  in  the  same  right-  line 

but  towards    opposite   parts,  come   in   contact,   an  exchaage 

of  motion  Tvill  take  place  ;  or  each  body  will  retrace  its  pa^ 

witb  the  motion  which  the  other  hful  before  the  conts.ct. 

Let  A  and  B  be  the  two  bodies,  moving  in  opposite!  direction* 
with  the  velocities  a  and  b.  Then,  because  A  « ie  the  motion 
with  which  A  advances  towards  the  parts  B  is  leavin|;,  and  B  i 
is  die  motJoD  with  which  B  advances  towards  the  parts  A  is 
Inving,  the  sum  As  +  B  6  of  these  momwita  is  the  motioB 
with  which  the  two  bodies  a^iroach ;  and,  therefbre,  the  motioa,, 
or  force,  with  which  their  sur&ces  come  in  contact.  Bat  the 
force  with  which  the  surfaces  come  in  contact  is  the  force  with 
which  each  sur&ce,  or  body,  is  acted  onat  the  time  of  contart 
in  a  direction  opposite  to  that  in  which  the  body  -was  moving. 
Therefore,  at  the  time  of  contact,  each  body  is  actedoa  by  two 
opposite  forces ;  one  its  momentum ;  and  the  other,  the  force  of 
contact,  orthe  sum  of  the  momenta  ofthe  two.  Consequently, 
like  Afiepence  between  these  foKces,  or  the  momentma  of  the 
^er  body,  is  th£  motion  with  Which  either  of  them  is  in^eUcd 
™«iwarda,  and  retraces  its  wrth  i^r  the  stroke. 

Cor.  l.-^ence  if  one  of  the  bodies  be  at  rest  before  the 

■ttoke,  the  other  will  be  at  rest  afterwards ;  and  that  whit^  wm 

*t  Test  -nU.  ge  <iai  after  the  stooke  with  a  omtion  eqoal  to  what 

™^  Qijter  had  before.    Tbeacdiingfi  coincide  with  wnat  wehwe 

I     oednced  in  our  third  proposition;  but  the  proof  here  gireD  w 

■Wno  Seriet,  vol.  i.  t 
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-  much  more  direct  and  rigorous  than  the  one  in  that  proposition; 
cfer  which  reasons  it  will  enable  us  presently  to  consider  one  ot 
two  points  of  our  theory  that  we  could  not  before,  at  least  in  the 

JBaaoer  we  are  now  enabled  to. 

'Cor^  .2. — The  motions  tend  directions  of  two  balls  bein^  given, 
jud  the  dlirection  in  which  they  strike  one  another  being  also 
given,  the  motions  and  directions  of  them 
''  ai^r  the  stroke  may  be  found.     Let  AC,  " 

'  B  C,  be  the  two  given  motions  previous  to 
the  contact,  and  1st  £  C  F  be  the  direction 
in  which  the  balls  strike.  Upon  E  F  letfall 
~die  perpendiculars  A  E,  B  F  ;  and  from  the 
"points  E,  F,  draw  E  i,  Fa,  respective^ 
«qaal  and  ptu^lel  to  F  B,  E  A ;  join  a  C, 
.£  C;  and  a  C  will  be  the  motion  of  A,  and 
.  kC  that  of  B  after  the  impulse. 

Cor.  3. — From  this  cor.  it  follows,  that  the  compound  motion 
'  «f  the  bodies  is  the  same  before  and  after  the  impulse.  For 
-ilraw  A  D  equal  and  parallel  to  C  B,  and  join  D  C,  which  will 
)»e  the  compound  motion  of  the  bodies  before  the  impulse. 
Likewise  draw  6  A,  B  a,  and  b D.  Then  because  E  A,  Fa,  and 
£  &,  F  B,  are  equal  and  parallel,  A  6,  a  B,  are  equal  and  parallel; 
and  because  A  D,  C  B,  are  equal  and  parallel,  o  D,  C  a,  are  also 
equal  and  parallri ;  but  by  the  preceding  cor.  a  C  is  the  motion 
of  A,  and  i  C  that  of  B  after  the  stroke  ;  D  C  is,  therefore,  the 
notion  compounded  of  these  motions.  The  same  1>  C  has  also 
iteen  shown  to  be  the  motion  compounded  of  the  motions  of  the 
bodies  <before  the  stroke ;  whence  the  motion  compounded  of 
the  motions  before  the  stroke  is  the  same  as  the  motion  com- 
^  founded  of  the  motions  after  the  stroke.     Consequently,  the 

-  motion  of  the  common  centre  of  gravity  of  the  bodies  receires 
«o  diange  from  the  collision. 

Cor.  4. — The  same  inferences  that  we  have  drawn  in  the  pre- 
iceding  cor.  might  have  been  easily  drawn  from  other  premises, 
i'or  smce  action  and  reaction  are  equal  and  contrary,  the  motion 
of  each  body  is  equally  affected  by  the  stroke  ;  and  whatever  ia 
^ined  by  the  one  in  any  direction  is  lost  by  the  other  in  the 
.same  direction ;  so  that  the  aggregate  motion  of  the  bodies  in 
-anytlirectioa  is  always  the  same,  unless  some  extraneous  force 
anlierferes.  j 

Scholinm.  ) 

Having  now  brought  our  theory  of  collision  as  far  as  it  will  be 
vanted  in  the  subsequent  part  of  the  memoir,  I  shall  omit  the 
more  intricate  problems  connected  with  it,  and  shall  only  stop, 
4)ef(H:e  I  proceed  to  the  theory  of  gases,  to  consider  another 
<«iror  in  the  old  theory,  and  to  clear  up  one  or  two  points  in  the 
3tew,  where,  I  think,  from  the  novelty  of  the  views  and  a  natuw 
ifFejudice  ui  favour  of  preconceived  notions,  objectioiu  ^1 
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According  to  tbe  commonly  received  theory  of  collidon,  wbea 
a  hard  body  strikes  another  at  rest,  the  two  bodies  proceed  toge- 
ther with  a  common  velocity.  Now  if  these  bodies  have  no  kind 
of  attraction,  they  do  not  press  after  collision  i  and,  consequently, 
either  of  them  may  be  taken  away  without  affecting  the  motioa 
of  the  other.  Hence  the  motion  which  the  body  that  was  quies- 
cent has  acquired  is  iffoportional  to  the  intensity  of  the  impulse^ 
and  may  be  taken  as  a  measure  of  it.  Therefore,  if  the  body  A 
with  a  velocity  of  a  strike  the  quiescent  body  B,  the  velocity  of 
the  baUa  nfter  the  stroke  will,  by  the  old  theory,  be  .     '„,    and 

the  intensity  of  the  stroke  -r — =.     The  ball  B  and  other  things 

remaining  the  same,  if,  instead  of  A  we  substitute  a  ball  n  times 

greater,  the  intensity  of  the  stroke  would  be  — ^ — =■;  andthere^ 

fore  the  ratio  of  these  two  strokes  is  that  of  n  A  +  B  to  » 
(A  +  B).  That  is,  if  two  perfectly  hard  balls  strike  similarly 
and  with  equal  velocities,  two  similar,  hard,  and  equal  halls, 
B,  B,  at  rest,  the  ratio  of  the  strokes  will  be  that  of  n  A  +  B  to 
n  (A  +  B),  But  by  our  first  cor,  to  the  piecedine  prop,  the 
ratio  of  these  intensities  should  be  that  of  1  to  n ;  and  the  same 
is  true  by  the  third  prop.  The  ratio  of  the  strokes,  therefore,  as 
given  in  the  two  theones,  differs  materially.  When  the  ratio  of 
tiie  stroke  of  a  less  to  that  of  a  greater  body,  under  the  sama 
circumstances  of  action  is  considered,  it  is  greater  in  the  old 
than  in  the  new  theory,  and  conversely ;  and  ia  all  cases,  except^ 
one;  namely,  the  colhsion  on  a  hxed  plane,  the  intensity  of  tha 
blow  is  less  m  the  old  than  in  the  new  theory.  It  is  not  an  ea^y 
thing  to  exanune  the  truth  of  either  of  these  theories  by  direct 
experiment ;  except,  perhaps,  in  the  case  that  I  have  mentioned. 
in  the  scholium  of  prop,  2,  for  want  of  perfectly  hard  bodies  to 
experiment  on ;  but  probably,  in  the  absence  oi  experiment,  the 

Eerfect  coincidence  of  phenomena,  and  the  consec|uences  that  I. 
ave  drawn,  from  these  new  principles  of  collision  in  the  follow- 
ing theory  of. gaseous  bodies,  wil^  be  admitted  to  amount,  aa 
neady  to,  an  experimental  proof  as  the  nature  of  the  subject 
allows. 

Besides  the  methods  we  have  adopted  to  consider  various 
points  in  the  collision  of  hard  bodies,  there  are  several  others,  all 
of  which,  however,  come  to  the  same  thing  j  but  the  following 
method  of  examining  ^e  case  of  this  schol,  which  has  occurred 
to  me  while  I  have  been  writing  this  part  of  the  memoir,  appeara 
to  be  so  independent  of  previous  considerations  that  I  have  beea 
tempted  to  give  it.  Setting  aside  all  idea  whether  the  bodies 
after  collision  do  or  do  not  continue  together,  let  us  only  supposa 
that  they  are  absolutely  hard,  that  the  two  quiescent  ones  are- 
perfectly  equal,  and  that  the  other  bodies  before  the  strokes 
have  et^ual  velpcities,  and  move  similarly,  upon  the  quiescent 

■^^  L>,-:e.,,G00glc    ■ 
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Bodies.  Then  because  the  bodies  are  perfectly  bard,  the  strokes  ' 
iriH  be  equally  diffused,  aad  felt  in  every  part  of  the  imprD^og 
bodies;  and,  therefore,  every  part  of  the  impinging  bodies  wm 
equally  contribute  to  the  stroKe.  And  the  same  things  vill 
evidently  hold  good  if  each  impinging  mass,  instead  of  being 
one  entire  body,  be  composed  of  two  or  more  movitig  along  in 
contact  with  a  common  velocity,  provided  the  centres  of  gravity 
of  alt  the  bodies  and  their  points  of  contact  be  all  in  the  line  in 
iriiich  the  impulse  is  given.  Again,  because  the  bodies  struck 
One  equal  ^d  stmilBr,  and  the  strokes  are  made  stmilariy  and  with 
equal  velocities  ;  the  strokes,  as  &ir  as  they  depend  upon  these 
eircumstances,  must  be  identically  the  same.  Thereft»e,  wlni> 
ever  be  tlie  difference  in  the  intensities  of  the  strokes,  it  is 
wholly  attributable  to  the  difference  in  the  masses  of  the 
infMifgiiig  bodies.  But  we  have  already  shown  that  the  sls6k.» 
is  the  same,  under  certain  conditions,  whether  the  impinging 
body  be  one  or  several  bodies  in  contact.  If,  therefore,  we 
conceive  the  greater  impinging  body  to  be  composed  oftwo,  one 
ef  which  is  equal  to  the  other  impinging  body,  then,  since  the 
mere  contact  of  the  two  parts  can  have  no  influence  in  augments 
ing  or  diminishing  the  intensity  of  collision  due  to  either  of  them 
separately,  the  intensity  of  the  impulse  of  the  other  body,  and  of 
fte  part  which  is  equal  to  it,  are  conseqaently  equal.  But 
because  every  part  of  the  impinging  body  equally  contribntes^to 
tile  stroke,  the  intensity  of  the  impulse  due  to  a  part,  whether 
(hat  intensity  be  equivalent  to  the  whole,  or  only  to  a  portion  c^ 
tile  momentum,  is  to  the  intensity  due  to  the  whole  ot  the  body 
as  the  part  is  to  the  whole.  The  ratio,  therefore,  of  the  impulses 
is  equal  to  the  ratio  of  the  impinging  bodies. 

When  a  hard  ball  strikes  another  hard  baU  at.  rest,  in  the  Hne 
of  its  motion,  the  effect  of  the  collision  is  a  mutual  change  of 
state.  And  since  by  cor.  1  to  the  preceding  prop,  this  is  true 
vitjiout  regard  to  the  relative  masses  of  the  balls  :  it  follows  that 
a  body  in  a  state  of  free  and  perfect  quiescence,  however 
small  it  might  be,  will  destroy  the  motion  of  another  body  how- 
ever lai^e  and  however  great  its  momentum,  llius  then  a  single 
particle  of  matter,  of  the  smallest  dimensions,  to  which  a  very 
small  force  would  give  a  velocity  sufficiently  great  to  avoid  a 
ftroke  from  a  very  large  body,  moving  with  a  much  greater 
momentum,  may,  if  struck,  when  at  rest,  stop  another  of  any 
dimensions  and  moving  with  any  force.  This  conclusion,  which, 
at  first  view,  appears  to  throw  an  air  of  improbability  over  the 
flieory,  will,  upon  a  closer  inspection,  be  found  to  be  perfectly 
natural  and  correct.  For  the  effect  in  motion  on  either  of  the 
balls  is  equal  to  the  intensity  of  the  impulse,  and  that  iateasHy, 
by  the  aK>resaid  cor.  and  by  a  variety  of  other  consideratioiw 
irtiich  it  would  be  tedious  to  state,  is  equal  to  the  njomentom  of 
flie  moving  body.  It  is,  therefore,  not  on  the  relative  me^itudea 
ot  l£e  bocoea  tnat  the  changj:  of  motion  dep^ds,  bat  od  the 
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momeatum  of  tbe  moving  botly  before  ttte  contact ;  so  tliat  tbe 
effect  of  a  veiy  large  body  morine  with  a  less  velocity,  may  be 
equal  to  tbe  ^ect  of  a  very  small  body  moving  with  a  greater 
velocity.  Hence  tbe  whole  diiEculty  of  this  case  turns  upon  the 
abstraction  of  the  ideas  of  magnitude  and  momentum;  and, 
therefore,  if  we  admit  a  reciprocal  change  of  state  when  tke 
balls  are  about  equal,  we  cannat  refuse  it  m  auy  other  case. 

Again,  it  has  generally  been  admitted  that  the  relative  motions 
of  bodies,  included  in  a  given  space,  and  their  mutual  actions  oa 
one  another,  are  the  same,  whether  that  space  be  at  rest,  or  move 
uniformly  focward  in  a  straight  line.  Ijiis  is  true  with  elastic 
and  soft  bodies,  and  also  with  hard  ones  when  they  are  equal.; 
because  then  their  relative  velocity  is  the  same  before  and  after 
the  stroke ;  but  when  they  are  unequal,  it  is  very  different.  In 
-cases  where  the  masses  are  very  unequal,  the  difference  in  the 
two  results  will,  in  general,  be  very  great.  Let  a  body  whose 
mass  is  8  and  vdocity  6  strike  another  at  rest  whose  mass  is  2{ 
then  tbe  velocity  with  which  these  bodies  separate  after  the 
stroke  is  24.  But  if  we  estimate  this  relatively  to  a  space  moY- 
ix^  with  a  velocity  of  4  iu  the  same  direction,  it  becomes  % 
which  is  but  little  more  than  a  third  of  tbe  velocity,  with  which 
the  two  bodies  do  really  separate.  And  the  same  anomalies 
might  be  shown  to  existin  other  casesof  this  theory  with  reject 
to  the  coUisions  of  unequal  bodies  under  similar  circumstances. 
Itis,  therefore,  by  no  means  it^material,  as  it  has  generally  been 
imagined  (Newton,  cor.  6,  of  the  third  Law  of  Motion),  whethef 
we  calculate  the  efiects  of  collision  according  to  absolute  or 
relative  rest ;  the  substitution  of  tiie  one  for  the  oUier  might 
produce  vary  erroneous  results.  These  ctmsiderations,  however, 
will  not  at  aU  affect  the  validity  of  our  deductions  in  the  laws  of 
gaseous  bodies.  For  the  particles  moving  and  sUiking  in  tii 
directions,  whatever  force  is  gained  by  relative  motion  in  the 
ene  is  lost  in  the  opposite  direction;  so  that  the  mean  force^ 
which  is  all  that  we  consider,  will  be  the  same  in  both  cases 
iTobt  amtinutd.) 


Article  IX. 

Oh  the  Con^rative  Temperature  of  Penxance.    By  Dr.  Forbes. 
(To  the  Editor  of  the  Aniuih  of  Philosophy^) 
SIR,  PnuooM,  FA.  3,  IS>I. 

In  the  small  tract  lately  published  by  me  on  the  Climate  of 
Penzance,  I  have  pointed  out  the  relative  temperature  of  a. 

UigniaObyGOOglc 


■^94  On  the  Comparative  Temperature  of  Penzance:  [April, 
^rariety  of  places  in  the  island ;  all  which  observatioDS  illustrate, 
in  a  very  sttiking  manner,  the  effect  of  the  venimular  position  of 
libis  place  in  ejuo/tztng  its  temperature.  In  furtheriUustratJon 
cf  this  fact,  I  subjoin  the  pnncipal  results  of  the  last  three 
-months  at  Penzance  and  Etbnonton  (Middlesex),  as  procured  by 
'■the  register  thermometer.  On  ibis  occasion  I  would  beg 
leave  to  suggest  the  advantage  of  collecting  the  compara- 
■tive  observations  made  by  register  tfiermometers  throughout 
-the  kingdom,  and  of  publishing  them  monthly,  condensed  into  a 
compreneDsive  and  manageable  compass,  as  in  the  following 
lable.  If  yon  approve  of  the  proposal,  and  will  solicit  the 
^issistance  of  observers  in  different  parts  of  the  kingdom^  I  have 
no  doubt  but  this  will  be  cheerfully  granted.  By  such  a  plan  as 
-this,  I  am  convinced  a  much  more  clear  and  exact  knowledge  of 
■meteorology  would  be  diffused  in  a  few  years  than  by  the  long 
continued  publication  of  the  voluminous  and  unconnected  diaries 
■at  present  diffused  through  various  journals.  If  your  friend  Mr. 
Xnke  Howard,  who  is,  perhaps,  better  qualified  for  the  task 
than  any  other  person,  would  undertake  to  construct  a  plan, 
«nd  submit  it  to  the  public,  I  have  no  doubt  of  the  success 
of  the  measare.  Of  course,  in  this  it  would  be  necessary  to 
indude  all  the  more  important  features  of  the  science.  In  the 
"following  table  I  confine  myself  to  the  temperature. 

I  am.  Sir,  your  obedient  humble  servant, 

John  Fokbes. 

Comparative  Temperature  of  Penzance,  in  Comicall  and  Edmon- 
ton, Middlesex,  in  Nov.  and  Dec.  1820,  and  Jan.  1821,  by  the 
Reciter  Thermometer.  ■' 


November. 
PcDi.  Edm. 


Absolute  maximum 

Absolute  minimum 

Mean  of  maxima 

Mean  of  minima 

Mean  of  maxima  and  minima. 
Extreme  monthly  range 

fMax. 

Diurnal  range  \  Min 

^Med 


Decembei. 

PdlZ. 


K.B.  The  results  for  Edmonton  are  extracted  from  the  diaiy 
of  Mr.  Adams,  published  in  the  Literary  Gazette. 
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The  annual  mean  temperature  is  nearly  49-^°,  being  s  little 
more  than  1°  less  than  the  mean  of  last  year.  The  mean  of  the  ' 
first  three  months,  38-6°;  second,  54-4'';  third,  69-9°;  fourth, 
44'6°;  of  the  six  winter  months,  41*5°i  six  summer  months, 
67' V,  The  maximum  of  83°  occurred  on  June  27,  and  the  miiii- 
mum  of  13°  on  Jan.  1 :  difference  of  these  extremes,  70°. 

The  mean  annual  pressure  of  the  atmosphere  is  29'70  inches; 
highest  point,  30*64 ;  which  occurred  on  Jan.  8  ;  lowest,  2S'45, 
wnich  was  on  Oct.  17 :  difference  of  these  extremes,  2-19  inches. 
The  mean  daily  movements  of  the  barometrical  oscillations  mea- 
sure nearly  44  inches.    Total  number  of  changes,  112. 

the  falls  of  rain,  hail,  snow,  and  sleet,  during  the  past  year, 
have  measured  a  litUe  more  tiian  32  inches ;  which  ia  sometning 
under  an  annual  average.  Very  little  rain  fell  during  the  fiist 
three  months  of  the  year ;  hut  the  following  month  (May)wu 
very  wet,  for  there  were  nearlysix  inches  registered.  Upwards 
of  four  inches  fell  in  October.  Total  number  of  wet  days  for 
Aeyear,  181. 

The  reporter,  as  usual,  has  again  to  notice  a  prevalency  of  tlie 
south,  south-west,  and  west  winds.  Out  of  365  notatiOBS  of 
the  wind,  214  were  noticed  to  blow  from  the  above  points. 

There  has  been  more  thunder  and  lightning,  during  the  former' 
part  of  the  year,  than  has  been  noticed  in  several  former  ones, 

tarticularly  in  the  month  of  May.     Lightning  occurred  on  six 
ays  in  that  month,  which  were  invanably  attended  with  rain : 
sometimes  it  fell  in  torrents,  and  in  three  instances  with  hail. 

My  fHend,  Mr.  Edward  Stelfox,  of  Lymn,  near  Warrington, 
has  favoured  me  with  the  above  account  of  rain,  Mr.  S.'s  rain- 
guage  is  exactly  the  same  as  mine,  and  I  can  rely  upon  his 
account  as  correct.  His  annual  register  of  rain,  for  tne  year 
1-819,  was  29*305  inches  ;  for  the  present,  a  little  more  than  30 
inches.  Mr.  Stelfox  noticed  the  temperature  on  Jan.  1, 1820,to 
be  13*5";  on  the  3d,  at  13°;  and  on  the  22d  of  liie  same 
month  at  10°. 

The  column  of  rain,  headed  Ardnick,  has  been  furnished  by 
iny  fViend,  Mr.  John  Dalton.  His  rain  funnel  is  fixed  about  a 
mile  ont  of  Manchester,  in  an  easterly  direction,  and  is  situated 
some  Uttle  higher  than  mine.  It  has  often  been  remarked,  that 
Mr.  Oalton's  annual  account  invariably  exceeds  mine  sometimes 
by  five  or  six  inches,  as  in  the  present  instance.  Mr.  D.  thinks 
that  his  funnel  being  larger  may  in  part  account  for  the  difference. 
However,  I  fancy,  Uiere  is  an  error  somewhere.  It  is  much 
to  be  desired,  that  one  uniform  plan  could  be  adopted  with 
respect  to  measuring  of  rain.  I  have  furnished  a  gentlemen  of 
Grumpsall,  near  Manchester,  with  a  funnel,  and  the  same  meau 
of  measuring  the  rain  as  Mr.  Stelfox  uses :  and,  from  his  reflolt^i 
it  appears,  mat  our  accounts  pretty  nearly  agree. 
MiMheMer,  Jam.  IT,  I«SI. 
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Remarks. 

Jamiajy.-~~'V\\z  we&ther,  io  general,  fine,  with  sharp  frost ;  air 
Tery  keen.  .  Some  heayy  showers  of  rain  and  anew.  A  heavy 
gale  of  wind  on  the  26th  and  27th. 

February. — ^The  weather  very  fine  in  general.  Some  showers 
of  snow  and  hail.     A  little  frost  towards  the  latter  end. 

March, — Weather  very  fine.  Some  frost  in  the  early  part  of 
the  month.     A  few  showers  of  hail,  snow,  and  rain. 

April. — The  weather  very  fine  and  pleasant  throughout,  with 
the  exception  of  three  or  four  days  in  the  early  part  of  the  month, 
which  were  showeiy. 

May. — ^The  weather  during  the  greater  part  of  this  month  was 
vet  and  unpleasant.     Some  hail  showers  towards  the  end. 

June. — The  weather,  in  general,  very  fine ;  2oth,  26th,  and 
27tb,  uncommonly  hot  ahd  sultry. 

July. — Weather,  in  general,  very  fine.  Some  very  heavy 
riiowere  of  rain  on  the  12th  and  17th.  Thunder  and  lightning 
ODthellth. 

Auguit. — This  month,  in  general,  showery ;  but,  on  the  whole, 
good  narvest  weather:  crops  abundant.  Thunder  and  light- 
ning on  the  30tb. 

September. — ^The  weather  in  the  early  part  of  this  month  veiy 
fine.  During  the  solar  eclipse  on  the  7tb,  the  thermometer  in 
the  shade  varied  between  2°  and  3°.  On  the  16th,  the  weatiier 
became  rainy,  cold,  and  boisterous,  and  continued  so  to  the  end 
of  the  month. 

October. — This  month  exceedingly  fine  till  the  14th,  when  the 
weather  suddenly  changed,  and  became  very  etonny,  with  heavy 
rain,  which  continued  to  the  end. 

Nove/nber. — The  weather  during  the  greater  part  of  this  mootii 
was  gloomy  and  damp.     Some  heavy  hail  showers  on  the  16th. 

December. — This  month  was,  in  general,  gloomy  and  damp  as 
the  preceding.  On  the  14th,  hail;  on  the  26th  and  the  29th, 
snow.  On  Uie  13th,  26th,  26th,  28th,  29th,  30tb,  and  Slat  (a 
most  unusual  length  of  time  for  this  place)  frost.  The  air 
exceedingly  keen.  E.  C.  G. 


Articlb  XII. 

The  New  Comet.    By  William  Bumey,  LL.D. 

(To  the  Editor  of  the  Annals  of  Philosophy.) 

SIR,  Obtcnatory,  Giupert,  Feb.  M,  IMI. 

A  COMET  made  its  appearance  here  last  evening  at  36  minutes 

past  six  o'clock,  two  or  three  degrees  to  the  north  of  A^af^i 
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the  last  star  m  the  wing  of  Pegasus.  It  was  32°  to  the  east  of 
the  sun,  and  set  with  Saturn  at  a  quu^er  past  eight  o'clock, 
about  W.N.W.  but  was  18-^  to  the  north  of  that  planet. 

Its  bright  nucleus  was  surrounded  by  a  diffused  coma  thr^e^ 
fourths  of  a  degree  in  diameter,  and  its  perpendicular  train  was 
nearly4''inlengthwhenthecoruscation8  were  most  vivid,  through 
the  upper  part  of  which  a  small  star  of  the  sixth  magnitude  was 
perceived  by  the  help  of  a  telescope.  This  is  unquestionably  the 
same  comet  that  M.  NichoUet,  of  Paris,  is  said  to  have  disco- 
vered in  the  evening  of  the  21st  ultimo,  in  the  constellation 
Pegasus,  but  which,  to  our  knowledge,  has  not  yet  been  seen  by 
the  English  astronomers. 

The  new  comet  has  changed  i(&  position  among  the  fixed 
stars  about  two-thirds  of  a  degree,  since  the  evening  of  the  23d 
ulUmo,  when  first  we  saw  it ;  therefore,  its  apparent  motion  is 
very  slow. 

Its  north  polar  distance  last  evening  was ....     77"  40' 

Right  ascension 368    35 

North  declination 12     20 

It  is  descending  with  an  antecedential  motion  towards  the 
back  of  the  southern  fish  of  Pisces,  and  by  the  annual  motion  of 
the  earth,  the  sun  is  daily  approaching  it. 

It  will  come  to  its  perinelion  two  or  three  days  before  the 


vernal  equinox ;  but  previous  to  that  time,  probably,  it  will  be 
lost  to  our  view  in  the  soltir  rays  in  the  evenings.  It  sets  soon 
after  eight  o'clo.ck,  p.  m.  about  W.N.W. 

Its  train  last  evening,,  at  one  time,  was  between  6°  and  6* 
long,  and  will  continue  to  increase  in  length  and  splendour  till 
the  comet  comes  to  its  nearest  point  to  the  sun  ;  for  then  the 
heat  communicated  to  it  is  increased  by  his  proximity.    . 

Neither  the  nucleus  nor  trmn  is  so  splendid  as  the  comets  that 
appeared  here  in  1811  and  1819  ;  it  more  resembles  the  comet 
in  1807,  except  the  colour  of  the  body,  the  present  one  being 
more  brilliant. 

Manh  IT,  1881. 
The  new  comet  came  to  its  perihelion  to-day ;  namely,  within  14* 
of  the  sun.  It  has  only  lessened  its  right  ascension  half  a  degree, 
and  its  north  declination  four-fifths  of  a  degree  since  the  even- 
ing of  the  24th  of  February  last,  when  it  was  first  seen  here  ; 
but  by  the  annual  motion  of  the  earth,  its  distance  from  the  sun 
is  decreased  about  16".  Now  it  is  advanced  too  far  in  the  solar 
nys  to  allow  us  to  make  further  observations  on  its  position  in 
tiie  evenings.  At  the  close  of  this  month,  it  will  begin  to  set 
After  the  sun ;  and  with  a  clear  horizon  an  hour  before  sunrise, 
there  will  be  a  chance  of  seeing  it  rise  about  E.N.E.  during  the 
ensuing  month. 
Tile  Weather  lately  has  been  unfavourable  for  seeing  the  comet 


aeo  OaOHand  Coal  Gat.  [Apkii, 

so  near  the  western  hocizoa  in  the  eveninse ;  «oA  from  its  veiy 
dow  geocentric  motion,  it  will  not  afford  a  sufiScient  space  to 
attempt  to  deduce  the  form  of  its  orbit,  which  is  the  chief  object 
to  science. 

It  is  hoped  that  correct  observations  on  the  fre<)uent  i^ipear- 
ances  and  motions  of  those  celestial  Tisitore  will,  in  the  coiuse 
of  time,  throw  new  light  on  the  theory  of  comets,  and  divest  it 
x>f  much  of  the  uncertain^  that  seems  to  exist  in  regard  to  the 
ibim  of  their  eccentric  orbits  and  periodic  returns. 

I  am,  Sir,  your  obedient  servant, 

William  Bubmet. 


C 


Article  XIII.  . 

On  Oil  and  Coal  Ga$. 

(To  the  Editor  of  the  Annab  of  Philosophy.) 

DEAR  SIR, 
On  perusing  Mr.  Itioardo's  Pftper  in  your  last  number  "  Ob 
the  Comparative  Advantages  of  illuminating  by  Gas  produced 
from  Oil  and  from  Coal,"  I  felt  a  little  surprised  that  be  had  not 
obtaiued  more  correct  iofoi-mation  respecting  the  value  ofj»wl 
gas ;  for  he  states  that  the  selling  price  of  coal  gas  is  not  less^ 

lut  "  in  some  of  the  provincial  towns  and  cities  more  than  16t. 

«r  1000  feet."  In  speaking  of  the  profits  of  Gas  Conmanies, 
_ie  says,  "  The  highest  return  quoted,  which  is  of  the  Bristol 
Gas  Company,  is  10  per  cent,  and  the  chartered  Company  in 
London,  lohick  possesses  advantages  superior  to  am/,  only  divides 
«ight  percent."  Not  knowing  Uie  price  of  gas  at  the  chartered 
Conqraoy,  I  assume  that  it  is  15f.  per  1000  feet  to  the  consumer. 
The  Sheffield  Gas  Light  Company  retail  their  gas  at  12s.  per 
'  1000  feet,  and  allow  a  discount  of  from  6  to  20  per  cent,  in  pro- 
portion to  the  rental.  All  consumers  of  gas  whose  rental  is  20/. 
per  annum,  or  upwards,  are  allowed  a  discount  of  20  per  cent. 
When  the  discount  is  allowed,  I  believe  the  average  fo  the  whole 
town  is  at  about  10s.  Gd.  per  1000  feet,  and  yet  the  Sheffield 
Gas  Ij^t  Company  has  divided  a  prt^t  of  10  per  cent,  the  first 
year.  This  certainly  proves  that  the  Sheffield  Gas  Light  Com- 
juittee  are  either  better  managers  of  the  trust  confidea  in  them, 
or  that  the  chartered  Company  does  not  possess  advantages 
superior  to  any  other  Gas  Company.  But  what  will  Mr.  K.  axf 
to  the  Derby  Gas  Comriany  when  I  inform  him  that  they  cha^e 
oqly  It.  6d.  per  lObO  feet,  to  the  consumer ;  but  as  their  con- 
cern is  only  in  its  infancy,  I  cannot  state  their  profits.  If  we 
«Uow  that  oae  foot  of  oil  gas  is  equal  in  iUmninatipg  power  to 
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three  and  a  half  feet  of  coal  gas,  the  companBOD  between  the 
Derby  prices  and  Mr.  R.'s  statement  of  oil  gas  will  stand  thus : 

£    t.   d. 

1000  feet  of  oil  gas  cost 17     0' 

3500feetof  coal  gas  is  sold  (It  Derby  for.  ...    1     6    3 

0  0  9 
leavii^  a  balance  of  9<i.  in  fiivour  of  coal  gas  besides  the  profit, 
iriiich  the  Company  calculate  at  10  per  cent.  Hie  comparison 
between  oil  and  coal  gas  by  ezperimentaUsts  in  general  is  given 
as  1  to  3  :  allowing  this  to  be  nearly  the  truth,  we  shaU  liare 
the  following  statement : 

Mr.  Rioardo  says  thata  fitiraverage  for  . 

tS    s.    d. 
1000  feet  of  oil  gas,  aUowing  for  wear,  tear, 

and  erery  contingence,  is  ....... .     1  .  10    0 

3000  feet  of  coal  gas  sella  in  Sbeffidd  for..     1     11     6 

Now  if  we  (dlow  that  oil  gas  can  be  mannfactured  at  30j.  pet 
1000  feet,  selling  it  at  the  same  price  as  coal  gas,  in  proportion 
to  its  illuminattng  power,  it  would  only  leave  5/.  per  cent,  sup- 
posing that  there  should  be  no  losses.  Mr.  R.  furtiier  remarics, 
that  "  the  only  possible  inconvenience  that  can  result  fixim  the 
use  of  oil  ^as  is  an  accidental  smell  from  the  cock  being  acci- 
dentally left  open,  which  is  instantly  detected,  and  as  instantly 
remedied  without  leaving  so  unpleasant  a  smell  as  that  arising 
from  the  similar  escape  of  coal  ^s."  I  think  that  there  is  very 
little  difference  between  the  smell  of  oil  and  coal  gas  as  to  plea- 
santness ;  but  allowing  that  the  smell  of  coal  gas  is  more  implea- 
sant  than  that  of  oil  gas  when  an  escape  takes  place,  that  should 
not  be  urged'  as  a  reason  why  oil  gas  should  have  the  preference ; 
for  as  both  gases,  when  mixed  with  a  certain  proportion  of 
stmosph^caf  air  will  explode  when  a  light  is  introduced,  it  is 
my  opinion,  that  the  gas  most  proper  to  be  introdoced  in  dwell- 
ing-houses, warehouses.  Sec.  is  that  which  can  be  most  easily 
detected  when  an  escape  fJoettake  place. 

If  these  remarks  merit  a  place  in  your  journal,  yonr  inserthig 
them  will  oblige  A  Svbscbibeh. 


Article  XIV. 


SttMrcftcj  on  tha  CompoHtioa  of  the  Prumales,  or  ferruginou$ 
Hydnxjfanatei.     By   J.   Beizelius. 

I  PSocBED  to  detail  the  experiments  I  have  made  with  die 
^Bi  of  obtaining  light  on  these  snhjects,  nnd  the  infiiteiwet 
*Mcli  I  think  may  oe  deduced  from  them.  CiooQic 
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I.  Researches  on  the  Relation  of  the  Iron  to  the  other  Bases  in  the 
ferruginous  Hi/drocyanates.  I 

(A.)  Salt  with  Base  of  Potash. 

The  salt  was  purified  in  the  following  manner :  Crystals  that 
had  effloresced  were  heated  ia  close  vessels  until  the  mass 
entered  into  fusion.  This  was  then  dissolved  ia  water,  and 
twice  crystallized.  The  solutiou  was  not  rendered  turbid  by 
Jiydtocyanate  of  barytes,  and  the  salt  had  a  light,  but  pure  lemon- 
yeliow  colour.  It  was  pulverized,  and  left  exposed  to  the  ait 
tor  two  days  without  losine  any  weight.  Exposed  afterwards 
to  the  temperature  of  140°  Fahr.  it  effloresced,  and  lost  hetweeo 
0*129  and  0-124  of  its  weight:  these  numbers  are  the  two 
extremes  of  seven  experiments.  It  lost  nothing  further,  at  a 
temperature  higher  than  that  of  boiling  water. 

I  mixed  30*88  grs.  of  the  salt  thus  dried,  with  Bulphuric  acid 
in  a  platina  crucible ;  the  mass  heated,  but  without  any  efferves- 
cence, and  DO  smell  of  hydrocyanic  acid  was  perceptlUe.  i 
Heated  on  the  sand  bath,  it  sustained  no  change,  and  it  was  not, 
until  it  had  been  exposed  to  the  flame  of  a  spirit-lamp,  that  it  | 
began  to  be  decomposed.  A  quantity  of  gas  wap  ihen  disen- 
gaged, which  had  not  only  the  smell  of  sulphurous  acid,  but  also 
tnat  of  the  hydrocyanic.  Tne  heat  was  continued  until  the  excess  of 
sulphuric  acid  was  driven  oiT,  and  water  was  poured  od  the  mass 
wheu  cold.  The  sulphate  of  iron  dissolved  slowly ;  it  was 
necessary  to  add  water,  slightly  acidulated  with  muriatic  acid, 
to  obtain  a  complete  solution. 

The  clear  liquor  was  precipitated  by  caustic  ammonia  added 
in  excess.  The  oxide  of  iron  was  thrown  on  a  filter,  and  washed 
with  a  large  quantity  of  water.  The  salt  remaining  in  the  solu- 
tion and  washings  was  evaporated  to  dryness,  and  headed  red  in 
a  platina  crucible.  It  is  hardly  possible  to  prevent  a  portion  of 
the  ammonia  from  being  volatilized  at  the  commencement  oftmB 
operation,  and  consequently  an  acidulous  sulphate  of  potash 
remains,  which  it  is  difficult  to  deprive  entirely  of  its  excess  of 
acid.  To  get  rid  of  this  excess,  I  introduce  a  small  piece  of 
carbonate  of  ammonia,  by  aplatina  spoon,  into  the  crucible,  while 
the  mass  is  still  red  hot.  I  then  put  on  the  cover  to  check  the 
escape  of  the  ammoniacal  gas.  The  sulphuric  acid  almost 
instantly  evaporates  in  the  alkaline  atmosphere,  and  the  salt 
becomes  neutral.  In  this  manner  I  obtained  in  three  separate 
experiments  29-11, 29-17,  29-49  grs.  of  sulphate  of  potash,  equi- 
valent to  Sl-09  hundredth  of  the  weight  of  the  anhydrous  ferru- 
ginous pnissiate.  The  oxide  of  iron  weighed,  in  the  different 
experiments,  between  6*17  and  6-64  grs.  Dr.  Thomson's  asser- 
tion, that  a  portion  of  the  iron  is  volatilized  with  the  hydrocyanio 
acid,  induced  me  to  try  another  method  of  separatmg  it  fKin 
this  metal.  I  dissolved  the  ferruginous  pntssiate  of  potash  ia 
water,  added  hydrate  of  deutoxide  of  mercury  to  the  aolution* 
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and  digested  them  together,  till  all  the  iron  was -precipitated  in 
ihe  state  of  red  oxide.  The  excessof  oxide  of  mercury  was  then 
separated  by  strong  calciaation :  30-88  grs.  of  the  prussiate  ia 
question  gave,  in  this  manner,  6-42  gre.  of  oxide  of  iron.  The 
mean  result  of  these  analytical  experiments  is,  therefore,  aa 
follows : 

Potash 44-62  contains  7-58  ....  2 

Protoxide  of  iron 16-64 3-79  ....  V 

Water 12-70 11-30  ....  3 

Loss 26-04 

ioo^o 

It  follows  from  this,  that  the  potash  contains  twice,  and  the 
water  three  times  as  much  oxygen  as  the  iron,  in  the  state  of 
protoxide.  The  loss  is  nearly  equal  to  the  weight  of  four  atoms 
of  hydrocyanic  acid ;  but  the  supposition  that  the  salt  should 
contain  this  number  of  atoms  is  tne  less  probable,  because  in 
that  case,  the  weakest  base,  the  protoxide  of  iron,  must  contaioj 
relatively  to  its  ordinary  capacity  of  saturation,  twice  as  much 
acid  as  the  potash,  the  stronger  base. 

(B.)  Salt  with  Base  o/Batytes. 
This  salt  was  obtained  by  digesting  prussian  blue  with  hydrata 
of  barytes  and  water.  The  undissolved  portion  was  treated  with 
boiling  water  as  long  as  it  dissolved  any  thing,  and  the  solutions 
were  evaporated  to  a  very  small  quantity.  During  the  evapora- 
tion, the  barytic  salt  crystaUized  irregiuarly,  and  it  was  neces- 
sary to  redissolve  it  in  boiling  water,  from  which  it  separ^ed  on 
cooling,  in  the  form  of  small  yellowish  crystals.  It  suffered  no 
change  at  common  temperatures,  but  at  104°  Fahr.  it  began  to 
effloresce.  The  crystals  do  not  fall  to  powder,  but  only  lose 
their  transparency,  and  assume  a  milky  appearance:  30-88  grs. 
of  this  salt  lost,  m  this  manner,  in  dinerent  experiments,  from 
5'09  to  5' 12  grs.  of  water.  I  placed  the  remaining  25*76  on  a 
small  porcelam  capsule,  which  I  heated  red  by  the  Same  of  a 
spirit-lamp  with  a  double  current  {el  S.  double  courant),  and  con- 
tmued  the  heat  till  all  the  combustible  matter  was  burnt  away : 
the  residuum  was  a  mixture  of  barytes  and  red  oxide  of  iron,  weigh- 
ing 24-63  grs.  Dissolved  in  muriatic  acid,  and  then  precipitated 
by  sulphuric  acid,  it  gave  24-13  grs.  of  sulphate  of  barytes. 
After  this  was  separated,  I  added  ammonia  m  excess  to  the 
liquid,  which  threw  down  4'09  grs.  of  red  oxide  of  iron.  Acccurd- 
ing  to  this  experiment,  the  barytic  salt  contains : 

Oxygen. 

Barytes; 51'273  containing     5-38   ....  2 

Protoxide  of  iron. .  11-865 2-70   ....  1 

Water 16-560 14-72  ....  6i 

Lobs 20-302 


100-000 
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We  find,  therefore,  the  same  relatioD  between  Uie  protoa^ 
«f  irmi  find  the  baiytea,  as  in  the  salt  with  base  of  potash ;  <»i 
the  o&er  httnd,  the  rdation  of  the  water  to  the  bfises  exhibits,  in 
tliil  instance  a  remarkable  exception  to  the  ordiaary  rule,  ae 
wtception  that  might  very  well  be  fittnbated  to  inaccuracy  of 
observation,  if  the  loss  which  this  salt  experiences  by  efflores- 
cence were  not  so  uniform  and  so  easy  to  be  correctly  deter- 
mined. When  we  compare  the  relation  of  tire  capacity  of 
saturation  of  the  bases,  to  the  quantity  of  the  substance  lost  in 
the  anaiysis,  with  that  observed  in  the  salt  with  base  of  potash, 
we  find,  in  the  salt  with  base  of  barytes  tbat  the  loss  exceeds 
that  in  the  salt  with  base  of  potash  by  a  quantity  precisely  equal 
to  that  which  the  water  wants  (que  Peau  a  donni  en  moins)  to 
make  itsoxygen  twice*  tbat  of  the  barytes,  and  six  times  diat 
of  the  protoxide  of  iron.  We  shall  soon  see  that  this  water  is 
found'  again,  when  this  salt  is  burned  by  means  of  oxide  of 
COppw. 

(C.)  Salt  with  Base  of  Lime. 

This  salt  was  prepared  nearly  in  the  same  manner  as  the 
barytic  salt.  It  is  very  soluble  in  water,  and  does  not  crystalUze 
till  the  solution  has  acquired  a  syrupy  consistence,  and  after 
■one  days  rest.  The  crystals  are  usu^y  large,  and  of  a  pale 
yellow  colour. 

One  hundred  parts  of  this  salt,  exposed  to  the  heat  of  a  sand- 
bath,  lose  36'61  per  cent„  of  their  weight  of  water  of  crystatiiaa- 
tbm.  The  crystals,  notwithstanding  this  lai^  quantity  of  water, 
do  not  fall  to  powder,  and  I  have  observed  that  although  this 
Mlt  begins  to  effloresce  as  readily  as  the  precediog,  a  nigher 
tsraperature  is  requisite  to  deprive  it  of  the  last  portions  of 
water.  The  anhydrous  salt,  burnt  like  the  preceding  tn  an  open 
vessel,  gave  60-63  per  cent,  of  its  weighf,  of  a  mixture  of  oxide 
of  iron,  caustic  lime,  and  carbonate  of  iime.  It  was  dissolved 
in  muiiatic  acid,  perfectly  neutralized  by  caustic  anmionia,  and 

Erecipitated  by  succinate  of  ammonia.  Hie  succinate  of  iron, 
ramed  on  an  open  capsule  of  porcelain,  left  15*25  parts  of  oxide 
of  iron.  The  aolutioD,  from  woich  the  iron  had  been  separMed, 
gave,  by  precipitation  by  oxalate  of  ammonia,  oxalate  of  lime, 
tphiob,  being  ^composed  I^  beat,  lefl  39-21  parts  of  carbonirte 
«€lime.  This  carbonate,  moistened  with  a  solutioD  of  caibon- 
ate  of  ammonia,  and  then  tJiOTODghiy  dried,  gained  notliiDg  in 
w^^.    The  aaalysis,  therefore,  gave 

lime : . . .  22-45  containing    6-20  . , . .    2 

Proxideof'iron.  ..   13-69 3-12  ....     1 

Water 39-61  35'21  ....  lU 

Loss 23-86 

CiOOglc 
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We  find  again  bere,  aa  in  the  baiytie  salt,  that  half  a  popor- 
tioQ  of  water  is  wanting,  that  is  to  say,  that  the  salt  retains  one 
atom  of  water;  and  by  comparing  the  loss  from  the  substances 
destroyed  by  heat,  with  the  capacity  of  saturation  of  the  bases,' 
we  also  find  in  this  case  a  surplns  corresponding  to  the  ({quan- 
tity of  water  that  has  disappeared. 

(D.)  Salt  with  Base  of  Oxide  of  Lead. 

Neutral  nitrate  of  lead  was  poured  into  a  solution  of  lerruginoM 
prussiate  of  potash,  taking  care  that  the  latter  should  be  ia  - 
excess,  in  order  to  prevent  the  precipitation  of  nitrate  of  lead; 
which  mixes  with  all  the  insoluble  satts  with  base  of  oxide  ot 
kad,  if  thme  be  an  excess  of  nitrate  of  lead  in  the  liquid  from 
which  they  are  deposited.  The  liquid  remaioed  perfectiy  Aem 
tnl.  The  precipitate  was  tthite,  but  viewed  in  a  cert^n  direct 
tion  towards  the  light,  it  appeared  verging  to  yeUow.  1  WRtf 
unable  to  determine,  with  the  precision  I  could  have  wished,  the 
quantity  of  water  contained  in  this  salt,  because  its  point  of 
perfect  dryness  approaches  too  near  to  that  at  whit^  it  begins- 
to  effloresce.  However,  the  results  I  obtained  led  tae  i» 
betieve  that  in  this  salt,  just  as  in  the  salt  with  base  of  potai^ 
the  water  contains  the  same  quantity  of  oxygen  as  the  two  base* 
together. 

One  hundred  parts  of  the  salt,  dried  on  a  very  hot  8and-baU^- 
were  burned  in  an  open  porcelain  eapsule ;  the  maas  was  dis- 
solved in  nitric  acid,  neutralized  with  ammonia,  and  pretupitated 
^  Boiphate  of  ammonia.  The  sulphate  of  lead,  washed,  and 
«iilcined  at  a  red  heat,  weighed  96'5  parts.  The  filtered  hquiii 
was  precipitated  by  caustic  ammonia,  tuid  gave  12-6  parts  ot 
oxide  of  iron.     Thus  the  analysis  gave : 

O^gKk. 

Oxide  of  lead 70-0  containing  5-09   2 

Protoxide  of  iron 11-9 2-57  I 

Loss 17-7 

We  find,  therefore,  also  in  this  case,  tfae  same  relation  between, 
the  oxide  of  iron  and  that  of  lead,  as  weQ  as  between  the  bases 
and  the  substance  destroyed  by  combustion,  as  in  the  ferrugi- 
Dous  prussiate  of  potash. 

I  think  these  analyses,  selected  from  the  three  classes  of  bases, 
will  suffice  to  prove  that  whatever  be  the  state  of  the  iron  in. 
tiiese  salts,  t(  takes,  in  the  state  of  protoxide,  half  as  mack  oxygpt 
«•  the  radical  of  the  other  base. 

II.  Experiments  on  the  Acid  of  these  Salts. 

The  prooft  on  which  Mr.  Porrett  has  founded  his  opinion^ 
Aat  the  iron  in  the  ferru|pnont  hydrocyanic  acid  is  in  the  metaU 
Neio  Series,  vol.  i.  d  #  ,-•        r 
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Uc  state,  and  that  it  is  a  constituent  part  of  this  acid,  aie  not 
^ciBive. 

To  veri^  this  idea  hy  direct  experiment,  I  put  23*16  grs.  of 
effloresced  ferruginous  pnissiate  of  potash  into  a  small  E^pa- 
xatus,  made  by  the  lamp,  and  bo  djsposed  that  a  current  of 
sulphuretted  hydrogen  gas  might  be  passed  over  the  salt. 
At  the  common  temperatures  it  was  not  at  all  altered.  I  thes 
iieated  it  hy  a  spirit-lanip,  slowly  increasing  the  tcmperatuie 
-until  the  mass  fused.  The  sulphuretted  hydrogen  gas  was 
passed  over  it  until  the  mass  becajie  cold.  I  had  supposed  that 
the  sulphuretted  hydrogen  would  decompose  the  protoxide  of 
iron,  producing  hydrocyanic  acid,  water,  aud  sulphuret  of  iron; 
but  no  trace  of  water  appeared.  The  sulphuretted  hydrogen, 
both  at  entering  into,  and  leaving  the  apparatus,  was  passed 
over  fused  muriate  of  lime,  iti  order  tha^t  the  water,  that  might  be 
formed  during  the  operation,  might  be  correctly  weighed.  At 
the  end  of  the  experiment,  the  pnissiate  had  gained  11-6  per 
cent,  in  weight,  and  the  muriate  of  lime  21  hundredths  of  the 
Iveigbt  of  the  pruesiate.  But  on  heating  the  muriate  of  lime,  to 
see  if  what  it  had  absorbed  was  water,  it  gave  off  only  hyiho- 
«ulphwet  of  ammonia,  and  pure  ammonia,  with  traces  of  mois- 
ture. No  disoxidation  of  tns  protoxide  of  iron^  therefore,  bad 
taken  place,  and  the  experiment  appeared  to  confirm  Mr. 
Porrett  s  idea.  A  great  part  of  the  salt  had  been  converted 
into  sulphuretted  hydrooyanate  of  potash ;  a  small  portios 
xemained  undecomposed,  and  some  sulphuret  of  iron  was 
fonned. 

I  next  endeavoured  to  decompose  the  anhydrous  pnissiate  by 
distilling  it  with  fused  boracic  acid,  to  ascertain  if,  during  this 
^operation,  borate  of  iron  would  be  formed ;  but  the  mass  swelled 
up  greatly  during  the  process,  and  passed  out  of  the  retort,  go 
that  its  neck  was  soon  stopped  up  by  it.  The  disengaged  gas  was 
cyanogen,  mixed  with  a  httle  hydrocyanic  acid.  After  uie  cal- 
cined mixture  had  been  dissolved  in  water,  a  brownish  mass 
xemained,  insoluble  in  inuriatic  acid,  which,  exposed  to  heat, 
gave  borate  of  iron  ;  whence  it  appeared  that  the  boracic  acid 
bad  been  in  part  decomposed.  . 

Thus  the  nonoxidated  state  ofthe  iron  seemed  proved  by  these 
experiments.  When  I  calculated  the  above-mentioned  analyses, 
the  result  appeared  to  coincide  with  the  following  composition: 
cne  atom  of  metallic  iron,  two  atoms  of  the  oxide  of  the  othet 
bases,  two  atoms  of  cyanogen,  and  three  atoms  of  prussic  acid. 
It  thus  remained  to  determine  by  combustion,  if  that  be  the  tnie 
state  ofthe  matter. 

In  consequence,  I  burned,  in  a  elasa  tube  surroHnded  by  ano- 
ther of  tin-plate,  a  mixture  of  7-72  grs.  of  anhydrous  ferragj- 
nous  pmssiate  of  potash,  and  23I-66  grs.  of  pure  oxide  of  coM>er>  \ 
prepared  by  the  decomposition  of  nitrate  of  copper  by  neit  ; 
The  mixture  was  made  in  a  porphyry  mortar,  heated  to  abort  i 

i  ,  uiriieobyGoOglc  I 
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312°  Falir.  The  gases  were  collected  over  meretrrf,  and  passed 
ehwtuli  tnbwof  Teiyi^wBdiwnetew  to  preveDttoo  great  a  miz'^ 
tare  of  atmospheric  air,  A  portion  of  the  gas  obtained  towards 
the  end  of  the  Operation  Was  collected  separately  in  a  graduated: 
glaas  tube. 

No  moisture  condensed  in  the  tubes,  in  which,  for  greater  cer^ 
taintv,  a  portion  of  fused  muriate  of  lime  was  placed,  and 
weighed  with  the  tubes.  They  gained  only  0001  in  wei^t. 
The  gas  collected  in  the  graduated  tube  was  examined  in  the 
following  manner :  a  small  piece  of  caustic  potash  attached  to  & 
very  thin  fiexible  iron  wire  was  introduced  into  the  tube'';  100 
parts  of  the  gas  left  39*9  parts  not  absorbed ;  bo  that  the  vohune 
of  carbonic  acid  gas  was  to  that  of  the  azote  as  3  : 2.  Hiis 
result  was  very  different  from  what  I  had  expected.  As  no  water 
was  formed  in  the  operation,  it  followed,  that  the  salt  contained 
n  hydrocyanic  acid.  Mr.  Porrett  bad  found  that  the  volume  of 
carbonic  acid  gas  was  four  times  greater  than  that  of  the  azote, 
and  Dr.  Thomsbn  obtained  them  in  the  r9tio  of  2^  to  1.  The 
wbo\e  of  the  carbonic  acid  obtained  in  this  experiment,  aWnbed 
by  a  determinate  quantity  of  potash,  weighea4-138  grs. 

1  repeated  the  experiment  once  more,  but  with  a  strrager 
heat,  so  as  to  soften  the  glass  tube ;  I  obtained  the  same  restd^ 
but  the  relation  of  volume  of  the  carbonic  acid  gas  to  that  of  the 
^ote  then  exceeded  the  ratio  of  one  and  a  haS*:  however,  the 
difference  was  so  trifling  that  it  nliight  very  well  be  only  an  error 
of  observation. 

Water  digested  on  the  residuum  in  the  tube  that  had 
been  exposed  to  heat,  took  up  potash,  and  this  solution  gaveaa 
abundant  precipitate  with  lime-water  ;  the  precipitate  was  cn~ 
bonete  of  lime.  To  prove  if  the  difierence  between  ray  remit 
and  that  of  Mr.  Porrett  could  be  caused  by  a  bad  urangemeiit  rf" 
my  apparatus,  I  repeated  the  analysis  of  tne  oyanuret  of  mercn^ 
in  the  same  manner ;  I  obtained  from  it  precisely  two  rtdomes  ra 
carbonic  acid  gas  for  one  volume  of  azote  j  and  on  decomposii^ 
another  portion  of  cyanuret  of  mercury  by  sulphuretted  hyomgen 
gas,  in  a  weighed  glass  bulb,  I  obtained  sulphuret  of  merer 
whose  weight  was  to  that  of  the  cyanuret  of  mercury,  preci 
as  ibe  weight  of  an  atom  of  cinnabar,  is  to  the  weight  of  an  ai 
of  cyanuret  of  mercury. 

This  accordance  with  the  results  obtained  by  M.  Gay-Lussac^ 
satisfied  me  that  the  difference  between  my  results,  ana  those  of 
Messrs.  Porrett  and  Thomson  cannot  be  attributed  to  nj  appa- 
ratus being  less  suited  to  the  purpose. 

.  I  next  repeated  the  same  analysis  with  the  ferniginOBS  pn»- 
siate  of  barytes,  previously  dried  at  a  strong  heat.  It  eartt 
traces  of  moisture  in  the  tube  which  conducted  the  gases  iiifa»- 
file  receiver,  although  its  quantity  was  not  great:  IS-nien.cS' 
the  salt  emplc^ed  gave  0-026  of  a  grain  of  water,  preciB^  lie 
quantity  wanting,  in  the  an^sis  mentioned  above,  tctioaltetke- 
^  2  ,--         I 
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•zygen  of  the  water  of  crystallisation  amount  to  lix  tiioes  &tt 
of  tne  protoxide  of  iron,  presuppoBed  in  the  salt,  instead  ot 
five  times  and  a  half.  The  volume  of  the  carbonic  acid  gas 
B&taiped  in  this  experiment  was  azain  to  that  of  die  azote,  » 
3  :  2,  and  the  whole  of  the  carbonic  acid  obtained  weighed  6'2S 
grains. 

^o  conchision  can  be  diawii  from  these  experiments  before 
Hie  quantity  of  carbonic  acid  retained  by  the  base  is  determiued< 
If  the  azote  and  the  carbon  in  these  salts  be  in  the  same  propotk 
'  tioQ  as  in  cyaoogen,  one-third  of  the  quantity  obtained,  or  one* 
fixHth  of  the  whole  of  the  carbonic  tcid,  is  wanting.  Butif,  on 
the  contrary,  the  base  remaining  in  the  calcined  mass  be  in  ^e 
stat«  of  common  carbonate,  the  volume  of  caibonic  acid  is  to 
that  ofthe  azoteas  2^  :  1. 

(7d  t«  MUflRlUXl.) 
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A  Chetmcal  and  Medical  Report  of  the  Properties  of  the  J(/uu- 
ral  Watert  o^  Buxton,  Matlock,  Tunbridge  WeUi,  Harroeatft 
Bath,  Cheltenham,  Leamington,  Malvern,  and  the  Isie  of  Wyht. 
By  Charlta  Scudumore,  MD.  Member  of  the .  Royal  ColKge 
of  Phyu^iana,  Sic  dc. 

In  nothing  this  work,  I  shall,  of  course,  confine  my  obeerva* 
iioaa  i^  the  Chemical  part  of  it,  and  1  shaU  admit  as  provedi 
Wlhout  mailing  any  inquiry,  or  expressing  any  doubt,  that  tbeii 
me  dicinaX  qualities  render  these  waters  worthy  of  being  drafikj' 
and  there  then  can  be  no  hesitation  aa  to  the  iraporumce  «f  s 
perfect  knowledge  of  their  chemical  constitution,  whether  it 
may  or  may  not  enable  us  to  account  for  the  beneficial  effects 
tAuck  every  day's  experience  would  lead  us-  to  believe  that  &vt 
IVoduce. 

The  analysis  of  the  Buxton  water  appears  to  call  for  a  few. 
observations,  I  think  the  method  emj^yed  to  deteroHtie 
the  presence  of  magnesia  ambiguoos,  and  the  meaas  used  U 
ascertain  the  quantity  of  magne^an  salt  rather  tedious-  flU 
plan  adopted  by  Dr.  Scudqmore  for  ascertain)^  the  preseoce  of 
magnesia  was  tl»Lt  pa-c^osed  by  Dr.  WoUaston,  of  nist  addiig 
cai£onate  of  ^mtmia,  and  then  phosphate  of  smla  to  the  watet> 
Bow  I  have  fooind  that  the  sidt  usutdiy  called  earboaat*  of  •»* 
nonia,  atid  which  i8>  in  &ct,  a  sesqiucerbcraate,,  always  boldli 
soma  cariiaaate  of  lime  in  solution  i,  ttid  this  is  partio^wly  liks^. 
Ifroceoi  when carboDote  oi  lime  exists  id  ft  miaentl  w«tev, ■» 
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thftt  tbe  adttion  of  phosphate  of  soda  may  throw  down  pbos- 
^ateoftime,  sswellas  the  phosphate  of  ammonia  and  magQesio, 
Whether  any  difficulty  oocurrea  to  Dr.  Scudamoee  on  ffiis  ^c» 
count  ifl  determining  tfie  quantity  of  magnesia,  he  does  not 
mention,  but  I  think  it  probable;  for  the  method  by  which  he 
^ermined  the  quantity  of  magnesia  was  that  of  decomposing 
the  muriate  obtained  from  the  alcoholic  solution,  by  nieans  9? 
carbonate  of  soda,  then  adding  sulphuric  acid  to  the  carbonal# 
of  magnesia,  suffering  the  sulphate  of  magnesia  to  crystallite  by 
Blow  evaporation,  and  again  decomposing  the  srfphate  bycax- 
bonate  of  soda,  and  decomposing  the  carbonate  of^  magnesia  by 
heat,  and  then  calculating  the  quantity  of  muriate  of  magnesia 
which  it  would  yield. 

FVom  some  late  experiments  I  am  induced  to  b^Iiev^e 
fliat  hrae  water  is  not  only  the  best  test  (with  certain  precau^ 
tioBs),  but  also  the  most  eligible  substance  for  obtaimng  thg 
magnesia  from  a  mineral  water.  ,   ; 

'Supposing  no  alkaline  carbonate  nor  any  alumina  to  exist  w 
a  water,  and  ijiat  the  oxide  of  iron  Has  been  separated^  lira* 
water  will  discover  an  extremely  minute  portion  of  magnesia, 
when  the  saline  contents  of  the  water  have  been  obtainet^ 
by  evaporation  and  redissotved  in  distilled  water  :  Thus,  I  fiii.^ 
raat'the  twelfth  part  of  a  grain  of  magnesia,  and  even  a  mack 
smaller  quantity,  may  be  readily  shown  to  exist  in  a  piijt  of 
water,  and  is  easily  precipitated  from  combination  with  an^aci^ 
by  lime  water.  The  only  inconvenience  to  be  avoided,  is  tie. 
possibility  that  the  excess  of  lime  water  used,  may  deposit 
carbonate,  if  the  aiv  be  not  carefully  excluded  during  the  filtering 
and  washing  of  the  precipitate. 

It  is,  however,  but  due  to  Dr.  Scudamore  to  state  that  I  have 
found  magnesia  actually  existing  in  this  water,  but  which  I  did 
Bot  believe  to  be  the  case  until  I  read  his  work,  and  even  wheiL 
I  had,  I  doubted  as  to  the  accuracy  of  his  statement.  My  sus- 
picions of  the  Doctor's  inaccuracy  were  indeed  strengtJiened  by 
au  experiment  which  be  relates,  and  which  I  had  tried  with  si- 
milar results,  viz,  that  lime  water  occasioijs  no  precipitate  in 
Baxton  water  which  had  been  boiled  :  this  experiment  induced 
me  to  believe  that  the  water  contained  no  magnesia;  but,  on 
eraporating  a  portion  to  dryness,  and  redissolving  the  sahne  re-] 
iiduum  in  water,  a  precipitate  of  magnesia  actually  occurred.  U  . 
will  not  be  surprising  that  lime  water  did  not  indicate  the  mag- 
nesia in  the  water  without  concentration,  when  it  is  stated  that 
the  whole  quantity  which  a  gallon  contains  amounts  to  only 
about  016  of  a  grain.  I  have  considered  this  part  of  the  sub- 
ject merely  with  a  view  of  determining  the  best  nicthodB  .of 
detecting  the  presence  of  magnesia ;  for  I  will  hazard  tho 
•pinion,  that  in  a  medicinal  point  of  view,  the  0*l6  of  a  grain 
ormagnesia,  however  combined,  cannot  possess  any  very  ex- 
tensive influence  when  dissolved  in  a  gallon  of  water.    The 
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«bale  weight  of  the  saliae  coDteats  of  a  gaUoa  of  Baxtoa 
yntist  amouDtJ  to  fifteen  grains ;  my  experiments  make  it  ra- 
-tfaer  less  i  but  I  am '  iacUned  to  think  tliat  Dr.  Scudamoie 
lias  atated  the  chemical  analysis  of  this  water  with  great  ac- 
«tincy. 

In  the  analysis  of  the  Tunbridge  waters,  I  think  Dr,  Scudamoie 
lias  been  rather  profuse  in  the  application  of  the  tests  to  indicate 
tiie  presence  of  iron  :  thus,  after  observing  an  evident  ocheiy 
'de^Kisite,  the  uuequivocal  action  of  tincture  of  galls,  we  have 
the  confirming  evidence  of  prussiate  of  potash,  and  sulphuretted 
liydrogen,  which  are  again  rendered  doubly  sure  by  the  infusion 
of  tea  and  coffee,  whilst  with  coooa  or  chocolate  no  action  ap- 
pears.    Now  with  all  deference,  I  submit,  that  these  last  ob- 

.  servatioDB  might  have  been  spared,  as  they  serve  merely  to  comr 
plicate  the  subject,  and  are  devoid  of  any  particular  interest, 
ibri  have  never  heard  of  the  application  of  Tunbndge  water  in 
preparing  food. 

The  quanti^  of  oxide  of  iron,  obtabed  from  Tunbridge  water, 
Dr.  Scudamore  states  to  be  2*22  grains  ;  it  is  not,  perhaps,  a 
matter  of  much  importance,  but  I  may  observe  that  this  quan- 
tity  of  iron  is  rather  over-rated,  for  it  was  weighed  in  the  stale 
of  penucide,  but  ought  to  have  been  reduced  to  that  of  protoxide, 
in  which  iron  always  exists  in  mineral  waters  ;  this  will  maie 

•4he  quanti^  of  oxide  about  l'9d  grain. 

The  analysis  I  shall  next  notice  is  that  which  Dr.  Scudamore 
has  given  of  the  Sath  water :  this  water  1  analyzed  about  seveu- 
leen  years  since ;  and,  as  well  as  every  preceding  and  foliowing 
Analyst,  I  failed  to  ascertain  the  presence  of  magnesia,  aoW 
^own  to  exist  in  the  Bath  water  by  Dr.  Scudamore ;  my  enoi 
«rose  from  employing  Ammonia,  on  the  supposition,  which  1  did 
not  then  know  to  be  erroneous,  that  this  alkali  would  throw 
ilown  minute  quantities  of  magnesia.  I  have,  by  employing 
lime  water  in  the  mode  alreac^  pointed  out,  ascertained  tlie 
coiTectoess  of  this  author's  statement.  It  appears  that  a  pint 
of  the  water  contains,  however,  only  about  \-o  grain  of  munate 
of  magnesia. 

In  other  respects  there  is  no  very  material  difference  between 
Dr.  S.'s  analysis  and  mine ;  but  I  may  observe  that  he  comroittei 
a  sl^ht  error  in  supposing  me  to  have  stated,  that  iron  cannot  be 
•detected  in  the  Bath  water  after  it  has  cooled;  what  I  have 
shown  is,  that  if  cooled  without  the  presence  of  oxygen  or  at- 
mospheric air,  it  retains  its  property  of  being  acted  upon  by 
tincture  of  galls  and  showing  the  presence  of  iron  ;  it  is,  incieea, 
upon  this  circumstance,  that  the  peculiarity  of  the  Bath  water, 

r  as  far  as  regards  its  chalybeate  impregnation,  depends. 

Tile  only  remaining  analysis  which  1  shall  notice  is  that  of  ti^ 
Ualvem  water ;  some  discussion  has  arisen  between  Dr.  Philipr 
■who  formerly  analyzed  this  water,  and  the  author  of  the  present 
.wock,  as  to  whether  this  water  contained  any  iron.     Opeiatii^ 
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in  the  usual  way,  I  should  certainly  coincide  with  Dr.  Scuda- 
more, for  it  appears  to  me  that  neither  tincture  of  galls,  nor 
jiruBsiate  of  potash,  produces  any  appearance  of  iron.  The  ques- 
tion has,  however,  been  set  at  rest  by  Mr.  Children,  who  finds 
that,  by  evaporating  the  water,  a  very  minute  portion  of  iron  is 
discoverable  by  prussiate  of  potash ;  but  whether  that  quanti^  ■ 
of  iron,  which  cannot  be  aetectfcd  by  the  common  means,  is 
likely  to  be  useful  in  medicine  is  not  for  me  to  determine,  but  J 
may,  perhaps,  be  allowed  to  question  it.  The  quantity  of  iroit 
contained  in  a  gallon  of  Malvern  water,  according  to  Mr,  Chil- 
dren's experiments,  scarcely  exceeds  one  seventieth  of  a  grain. 

Some  difference  of  opinion  also  exists  between  Drs,  Scuda- 
more and  Philip  as  to  the  existence  of  carbonate  of  soda  in  it. 
I  evaporated  a  portion  both  from  Holywell,  and  St.  Anne's  Well, 
to  about  1-30  of  its  original" volume,  but  i  could  not  discover, 
the  slightest  trace  of  any  alkali.  It  appears,  therefore,  to  me 
that  Dr.  Scudamore's  statement  ia  correct.  In  closing  my  ob- 
servations upon  this  work,  1  wish  to  state  that  I  cannot  admit, 
with  Dr.  Scudamore,  the  position  laid  down  by  the  late  Dr. 
Murray,  that  when  certain  acids  and  alkaline  bases  are  mixed 
together  in  solution,  such  salts  are  most  likely  to  be  formed  as 
ure  most  soluble  in  water.  If  I  put  together  certain  quiintities- 
of  sulphate  of  soda,  and  muriate  of  lime,  precipitation  takes 
place,  because  sulphate  of  lime  is  formed  ;  but  is  it  likely  that, 
as  this  theory  supposes,  the  whole  of  the  sulphate  of  lime  ronned 
ia  thrown  down?  Indeed,  if  I  understand  Dr.  Murray's  position, 
.  it  amounts  to  this — that  supposing  I  mix  together  suffici^it 
Vjuantities  of  muriate  of  lime  and  sulphate  of  soda,  to  form  one 
hundred  parts  of  sulphate  of  lime,  that  sulphate  of  lime  will  only 
be  formed  if  there  be  not  water  enough  to  hold  it  in  solution , 
but  this  would  seem  like  attributing  the  property  of  insolubility 
to  a  compound  before  its  formation. 

It  has,  indeed,  been  attempted  to  strengthen  this  statement 
by  arguing  from  the  effects  which  certain  mineral  waters  pro- 
duce, or  are  supposed  to  produce,  and  which,  according  to' com-  . 
mon  views,  contain  only  sulphate  of  lime  and  muriate  of  soda; 
these  waters  are  imagined  to  owe  their  good  effects  to  con- 
taining not  sulphate,  but  muriate  of  lime.  It  would,  however,  I 
think,  require  numerous  experiments  to  prove  tlmt  the  same 
quantity  of  lime  is  more  active  as  a  medicine  when  combined 
with  muriatic  than  sulphuric  acid;  when  exhibited  in  equt^ 
quantities.  I  do  not  qeny,  but  I  question  the  fact ;  and  if  it 
should  be  proved,  it  raay^  as  far  as  1  am  competent  to  give  an 
opinion,  be  derived  from  the  muriatic  acid  as  from  the  hme. 

1  have  not,  in  examining  this  work  hitherto,  expressed  any 
decided  opinion  as  to  its  merits;  butlmayadd,  that  the  chemical 
part  of  it  appears  to  have  been  conducted  with  ability ;  and 
*f  the  medical  applications  of  the  waters,  have  been  as  ably  givett 
as  the  chemical  nistory,  (of  which  I  entertain  no  douSt,)  the 
work  must  prove  useful  both  to  the  chemist  fmd  physictan. — Ed. 
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ROYAL    SOCIETY. 

March  S. — On  the  Length  of  the  Second's  Pendulaai  ia  dif- 
ierent  Latitudes,  by  Capt.  aabine. 

March  15. — ObeervatJoas  oa  Napthalin,  by  Dr.  Kidd. 

March  21. — On  the  Papyri  of  Herculaneum,  by  Sir  H.  Davy. 

At  the  same  meetiag  two  other  papers  were  read,  viz.  Ob  the 
Aberration  of  compound  Lenses,  by  Mr.  Hevschel ;  and  On  the 
^eleton  of  the  Dugong,  by  Sir  £.  Home. 

Ad  account  of  the  contents  of  the  above  papers  wUl  be  giveA 
in  the  next  number. 

GEOLOGICAL   SOCIETY. 

jAn.  14. — The  Catalogue  Raisonn^e  of  the  Collection  of  Snisfr 
Rocks,  sent  by  M.  Lardi,  was  read. 

The  great  valley  comprehended  between  Mount  Jura  aad  the 
Alps,  and  which  forms  the  lowest  part  of  Switzerland,  is  com- 
posed partly  of  an  alluvium,  and  partly  of  a  sandstone  and  pud- 
flingstone,  in  Switzerland,  called  Nagelflue,  which  signifies 
literally  nail-head-rock.  The  alluvium  consists  of  insulated 
mames  of  primitive  rocks,  rolled  pebbles,  and  debris,  from  the 
•urrounding  mountains ;  in  this  are  also  beds  of  clay. 

The  nagelflue  may  be  divided  into  two  jparts ;  the  molaese 
•ltd  the  na^elSue,  properly  so  called.  The  nrst  is  a  sandstcue 
used  for  budding  in  that  country  ;  it  is  disposed  in  horizontal 
'  beds  alternating  with  beds  of  marie,  which  sometimes  contala 
marine  shells  and  veins  cf  fibrous  gypsum:  the  lower  part  ha» 
beds  of  fetid  bituminous  limestone  with  freshwater  shells,  and 
Uiin  layers  of  coat. 

The  nagelfiue  consists  of  a  conglomerate  of  rounded  pebble* 
of  limestone  united  by  a  cement  of  the  same  nature ;  it  forms  a 
mass  of  30  or  40  feet  in  thickness,  and  contains  also  beds  of 
maiie,  and,  occasionally,  of  coal.  This  appears  to  rest  upon  tli« 
calcareous  rocks  of  the,,Alps. 

The  greatest  part  of  Mount  Jura  consists  of  calcareous  rock^ 
which  is  usually  compact  and  of  a  yellowish  colour;  some  of  the 
beds  are  oolite.  It  incloses  numerous  marine  shells.  The  beds 
of  Jura  dip  on  both  sides  of  the  x^ain.  There  is  found  here  aise 
a  formation  of  clay  ironstone,  which  extends  nearly  all  the  lengA 
<rf  the  Jura,  and  which  supplies  many  foundries. 

The  Alpine  limestone  is  considered  as  a  transition  formalin  I 
it  ia  ,of  a  -compact  texture,  of  ;a  greyish  colour,  and  frequent^ 
eonUias  ondules  c^  flint.     It  rests  on  another  limestone  wIhw 
alfeeni&tes  with  slate. 
.    The  «aU«ioue  dirtrtet  of  Bex  has  been  veU  dewribed  1^  1^ 


Charpeutier.  It  bdongs  to  the  tKasHtiion  fitfrnation,  end  raftts 
at  Lavey  on  primitive^ rocl^tj.  It  ia  composed  chiefly  o£a  hiifr- 
stoQe,  of  which  we  distinguish  two  Taiieties  ;  oioe  ia  compact  and 
CK^itic,  sometimes  contaioing  much  eilex :  the  ot^ris  aa  ugS- 
laceous  limestone.  It  is  in  tjte  last  thait  the  gypsum  of  the 
environs  of  Bex  is  situated.  This  gypsum  is  generally  in  dw 
state  of  anhydrate,  and  presents  seyeral  varieties.     It  is  usually 

If  impregDated  with  mariate  of  soda,  and  sometimeri  contains  beds 
of  nydrous  gypsum  in  the  state  of  seLeoite  ;  the  fine  crystals  of 
which,  from  mis  place,  are  Tery  celebrated.     Native  sulphvr  is 

\i    also  found.    The  beds  subordinate  to  the  gyp^m  are  ai^itift- 

li   ceous  limestone  and  slate  <^y. 

,;,  Between  MortJes-  and  Lavey  commences  a  transition  f^rm^^ 
tibn,  consisting  of  felspathic  rocks,  clay  slate,  and  breccias,  or 

iq    puddingstone.     This  country  is  little  known.     Nearly  the  whole 
length  of  the  Valais,  a  formation  of  clay  slate  extends  :  it  co»- 
taioe  also  beds  t^  limestone,  of  gypsum,  and  of  qaartz. 
Above  Oberswald  are  found  rocks  of  gneiss,  mica  slate,  cla^ 

„    date,  dolomite,  and  gypsum.    These  constitute  the  moufitinn>Ga 
'    the  Fourcbe  of  St.  Gothard,  and  the  superior  part  of  tbe  valley 

ji    of  the  Tessin. 

,        At  Lago  di  Lugano,  a  blackish-brown  porphyry  is  met  with, 

^     consistii^  of  homstone  with  sm^l  ciystals  of  white  felspar. 

J  ASTRONOMICAL    SOCIETY    OF    LONDON. 

^         At  the  commeocemeot  ^  the  last  year  l^  intecesting  »■£ 
i<i^ortant  &)cieiy  was  founded.     Akhougfa,  ^  that  time,  we 
[     Mmtted  tbeexpreseion  of  our  gratification  on  accomit  of  its  forma- 
I     lion,  and  even  neglected  to  announce  it,  yet  we  fully  participated 
I      with  the  cultivators  of  the  science  of  astronomy  ia  their  enthusiasm 
tic«i:pectation8  of  the  decided  and  powei-ful  influence  of  this  as^ 
Booiatioa  upon  its  future  progress.  Indeed  it  bad  always  t^peared 
to  us  to   be  somewhat   extraordmaiy,  that   while   chemiitiy, 
geology,  and  several  branches  of  natural  history,  were  promoted 
and  extended  by  associated  bodies,  a  science,  which,  fifom  the 
nstness  of  its  objects,  and  the  extent  and  difficulty  of  its  obser- 
vations and  investigations,  demands  in  the  highest  degree,  t^ 
Ewerful  aid  of  this  concentratioo  of  intellect,  should  so  long 
ve  been  left  to  reiy  for  its  advancement  on  the  labours  of  insu- 
lated and  independent  iodividualB.    That  this  desideratum  for 
AMroBomy  will  now  be  effectnaUy  supplied,  cannot  be  doubted  fay 
,       those  who  have  fterused  an  exposition  of  the  views  and  objects 
of  the  Soraety,  in  an  address  circulated  prior  to  iheir  first  meet- 
1^1  and  a  list  of  members  affixed  to  the  report  f>regented  by  ^be 
(^ncil  to  the  flrat  annnal  general  meeting.     Although  the  lasit, 
^  botdly  predft^,  thst  the  Astrtmonaic&l  Society  wUl  not  be  1^ 
■M«t,  in  the  career  of  utility  and  Ante. 

AVithout  enteiii^  too  much  i&to  detail,  we  msy,  by  «n  extmot 
Pontile  «diinr^)leaddreiB  befixe  allnded  to,  MSemit^ diigilay 
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■■  Hib  enlarged  views  and  libend  feelings  of  the  promoters  of  tbis 
design.  "  Oue  of  the  first  great  titeps  towards  an  accurate 
knowledge  of  the  construction  of  the  heareos,  is  an  acquaintance 
with  the  individual  objects  they  present :  in  other  words,  the 
formation  of  a  comjdete  catalogue  of  stars,  and  of  other  bodies, 
<^on  a  scale  infinitely  more  extensive  than  any  that  has  yet  been 
undertaken ;  and  that  shall  comprehend  the  most  minute  objects 
visible  in  good  astronomical  telescopes.  To  form  such  a  cata> 
logue,  however,  is  an  undertaking  of  such  overwhelming  labour 
as  to  defy  the  utmost  exertions  of  individual  industry.  It  is  a 
task  wiiich,  to  be  accomphshed,  must  be  divided  among  num- 
bers ;  but  so  divided  as  to  preserve  a  perfect  unity  of  design,  and 
prevent  the  loss  of  labour  which  must  result  from  several  obser- 
vers working  at  once  on  the  same  region,  while  others  are  left 
unexamined.  The  intended  foundation  of  an  observatory  at  the 
Bonthem  extremity  of  Africa,  under  the  auspices  of  the  Admi- 
ralty, may  serve  to  show  the  general  sense  entertained  of  the 
importance  of  this  subject,  and  the  necessity  of  giving  every 
possible  perfection  to  our  catalogue  of  the  fixed  stars.  Deeply 
impressed  also  with  the  importance  of  ibis  task,  and  fully  aware 
of  its  difficulty,  the  Astronomical  Society  might  call  upon  the 
observers  of  Eufope  andol  the  world  to  tend  their  aid  in  its  prose- 
cution. Should  similar  institutions  be  formed  in  other  countries^ 
the  Astronomical  Society  (rejecting  all  views  but  that  of  benefit- 
ing science)  would  be  ready  and  desirous  to  divide  at  once  the 
labour  and  the  glory  of  this  Herculean  attempt,  and  to  act  in 
concert  together  in  such  manner  as  should  be  judged  most  con- 
-duciveto  the  end  in  view."  The  following  summaiy  with  which 
the  address  concludes,  may  be  quoted  in  order  to  convey  at  once 
41  distinct  representation  of  the  purposes  of  this  Society.  "The 
objects  of  toe  original  members  may  be  sufficiently  gathered 
from  what  has  been  already  said,  and  may  be  thus  summed  up 
in  few  words ;  viz,  to  encourage  and  promote  their  pecuUar 
science  by  every  means  in  their  power,  but  especially — by  collect- 
ing, reducing,  and  publishing,  useful  observations  and  tables— 
by  setting  on  foot  a  minute  and  systematic  examination  of  the 
heavens — by  encouraging  a  general  spirit  of  intjui^  in  practical 
astronomy — by  establishing  communications  with  foreign  obseF- 
vers — by  circulating  notices  of  all  remarkable  phenomena  about 
to  happen,  and  of  discoveries  as  they  arise — by  comparing  the 
merits  of  diiferent  artists  eminent  in  the  construction  of  astrono* 
mical  instruments — by  proposing  prizes  for  the  improvement  of 
particular  departments,  and  bestowing  medals  and  rewards  for 
successful  research  in  all; — and,  finally,  by  acting  as  far  as  pos-  ' 
sible,  in  concert  with  every  institution,  both  in  England  and 
abroad,  whose  objects  have  any  thing  in  common  with  their 
own ;  but  avoiding  all  interference  with  the  objects  and  interests 
of  established  scientific  bodies." 
On  the  utntb  of  February,  the  fiist  aomnl  general  meeting  <»' 
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the  Society  was  htAd ;  ^nd  the  following  g«itlemen  were  elected 
officers  for  the  year  eosuiag ;  viz. 

President.— Sir  W.  Herschel,  LLD.  FRS. 
Vice-JPresideHts.—H.  T.  Colebrooke,  EsqJfRS.  &  LS. 
S.  Groombridge,  Esq.  FRS. 
D:  Moore,  Esq.  FRS.  SA.  &  LS. 
J,  Pond,  Esq.  Astronomer  Royal,  FRS. 
3Veas«rer.— Rev.  W.  Peareon,  LLD.  FRS. 
Secretaries.— C.  Babbage,  Esq.  MA.  FRS.  L  &  E. 
F.  Baily,  W  FRS.  Si  LS. 
J.  F.  W.  Hei^cliel,  Esq.   MA.  FRS.  L  &  E. 
(Foreign.) 
CouwciV.— Capt.  T.  Colby  Roy.  Eng.  LLD.  FRS.L  &  E. 

Sir  H.  C.  Englefield,  Bait  FRS.  L  &;  E.  FSA.&LS. 
Davies  Gilbert,  Esq.  VPRS.  and  FLS. 
B.  Goinpertz,  Esq,  FRS. 
O.  G.  Gregory,  LLD. 
J.  Rennie,  Esq.  FRS.  L.  &  SE.  A  &  LS. 
J.  South,  Esq.  FRS. 
E.Troughton,Esq.  FRS. 
Trustees. — A.  Baily,  Esq. 

D.  Moore,  Esq.  FRS.  SA.  &  LS. 
C.  Stokes,  Esq.  FRS.  SA.  &  LS. 
The  Treasurer  for  the  time  being. 

To  this  meeting  an  elegant  and  elaborate  report  was  presented 
by  the  Council,  which,  having  been  adopted  by  the  Society,  wwi 
ordered  to  be  printed.  After  congratulating  the  members  Ott 
the  success  which  has  attended  the  first  attempt  to  esta"bUsh  a 
Society  for  the  promotion  of  so  important  a  branch  of  science  as 
astronomy,  and  stating  tliat  the  efforts  of  its  founders  have  been 
U'Owoed  with  an  accession  of  strength  far  beyond  their  most 
aanguine  expectations,  the  Council  proceeds  to  announce  a  plaa 
of  distributing  medals,  as  an  honorary  reward,  to  such  per- 
sons as  may  distinguish  themselves  by  any  material  diacovery, 
or  improvement,  in  the  science.  The  following  extract  will  exhi- 
bit some  of  the  subjects  selected  for  the  apphcation  of  these 
stimulating  rewards.  "  in  the  first  place,  it  is  proposed  to 
bestow  the  medal  for  the,  discovery  of  any  new  planet,  satellite, 
or  comet ;  or  for  the  rediscovery  of  any  old  comet,  or  of  any  stars 
that  have  disappeared.  Considering  also  the  great  importance 
{both  in  a  nautical  and  geographical  point  of  view)  of  having 
accurate  observations  of  the  eclipses  of  Jupiter's  satellites,  and 
'  of  occultations  of  stars  by  the  moon,  they  think  that  the  medal 
should  be  given  for  any  considerable  collection,  not  only  of  ori- 
^nal  observations  of  this  kind,  but  also  of  well  authenticated  re- 
<!ordeil  observations,  reduced  to  the  mean  time  of  the  meridian  of 
some  well  koowa  observatory.  Observations  likewise  oa  Uie  pofli- 
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tiOBi  of  the  fix«d  stars,  trading  eitlwr  to  the  cntai^emcnt  and  per^ 
fection  of  our  present  catalogutts,  or  to  the  more  acefiratedetermi- 
natioD  of  the  variable  ones  in  size,  colour,  orfiituatioa ;  as  wcjl  aa 
observations  on  double  stars,  tending  in  like  manner  not  onty^  to 
the  enlargement  and  perfection  of  the  present  catalogues,  but  also 
to  the  determination  of  their  angular  distance  and  of  their  angle  of 
position ;  together  with  observations  ou  nebuIsB, — appear  proper 
subjects  of  such  reward.  To  these  may  be  added,  observations 
on  refraction,  with  a  view  to  the  more  perfect  theory  of  that 
phenomenon,  particuliirly  at  low  altitudes  where  irrcgularitiea 
take  place,  when  little  or  no  variation  has  taken  place  in  the 
barometer  or  thermometer ;  observations  on  the  tides,  particu- 
larly in  situations  where  the  current  is  not  iafiuenced  by  any 
contiguous  continent  J  observations  teading  to  determine  the 
true  ngure  of  tlie  sun,  or  of  the  earth ;  and,  in  short,  any  obser- 
vations which  may  be  considered  likely  to  advance  and  improve 
the  science." 

Having  mentioned  several  other  subjects,  ^ich  as  the  reduc- 
tion of  observations  when  made  ;  the  formation  of  various  new 
tables,  and  the  improvement  of  others;  the  comparison  of  the 
places  of  the  planets;  the  examination  of  the  retsorded  observa- 
tions of  preceding  astronomers ;  and  every  improvement  of 
instruments  which  may  tend  materially  to  advance  the  science, 
for  which  the  Society's  medals  will  be  bestowed,  the  Council 
proceeds  to  recommend  tlie  proposal  of  the  gold  medal,  and 
twmty  guineas  for  the  solution  of  the  following  question ;  a  ques- 
tion requiring  the  synthetic  application  of  the  Newtonian  doo- 
tiinea,  together  with  the  highest  refinements  of  modem  analysis : 

"  For  the  best  paper  on  the  theory  of  the  motions  and  pertur- 
bations of  the  satellites  of  Saturn.  The  investigation  to  be  so 
conducted  as  to  take  expressly  into  consideration  the  influence 
of  the  rings,  and  the  figure  of  the  planet  as  modified  by  tb* 
attraction  of  the  rings,  on  the  motions  of  the  satellites :  to  furnish 
loFBiiils  adapted  to  the  determination  of  the  elements  of  their 
orbits,  and  the  constant  coefficients  of  their  periodical  and  secu- 
lar equations,  from  observation ;  Ukewise  to  point  out  the  obser- 
vations best  adapted  to  lead  to  a  kno^edge  of  such  determination. 
The  papers  to  be  sent  to  the  Society  on  or  before  the  first  day  of 
February,  1823." 

The  C(Hincil,  however,  while  thus  taking  advant^e  of  the 
sttmidus  to  inquiiy  which  medals  and  prizes  produce,  have  est(^ 
bliafaed,  in  the  following  impressive  sentences,  their  claim  to  the 
possession  of  a  full  sense  of  the  magnificence  of  their  science, 
■ad  the  comparative  insignificance  of  their  rewards  -.  "  It  may 
indeed  appear  extraordinary  tbat  no  mention  should  yet  hare 
faeeamade  of  the  great  desidet«taoft»tronomy;  tJiose  questiont 
wUc^  have  exercised  the  cariosity  and  employed  the  time  and 
attentioa'Of  astronomers,  ever  since  the  seienoe  has  aseuBied  its 
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l«H«t^nt  ^Mrafttf^''-4B6b  ai  the  parallax  of  the  fixed  Btara,  their 
pr«^t  moiioD,  tbe  motioii  or  rest  of  our  own  Bveteia,  and  iW 
coDnection  with  the  rest  of  the  universe.  But  these  and  many 
olber  points,  are  too  obviouslj  suggested  by  their  importance  to 
need  any  particalar  notice  or  encouragement.  The  man  foi 
whom  discbreries  of  this  class  are  reserved,  soars  far  beyond  any* 
distinction  which  this  Society  can  bestow  :  the  applause  of  the 
human  race  attends  his  labours  ;  and  no  additional  stimulus  can 
lie  offered  to  those  by  which  he  is  impeUed." 

In  consequence  of  a  communication  from  Captain  Ba^il  HaU> 
expressing  his  readiness  to  attondr  to  any  ingtroctioos  on  subjecU 
wherein  he  might  be  of  service  to  the  science  of  astronomy  in  his 
intended  voyage  to  the  South  Seas,  the  Council  have  dehneated 
wi&  great  miniiteness  and  ingenuity,  their  wishes  in  regard  to 
his  oadertddng.  The  formation  of  un  Astronomical  Library,  on^ 
of  the  objects  of  the  Society,  is  then  noticed ;  and  (he  donMiontf 
by  the  East  India  Company  of  many  valuable  papers  on  astrono- 
mical subjects,  and  of  a  series  of  observations  made  at  the 
Observatory  at  Madras,  are  acknowledged.  The  alteration  of 
several  of  the  regulations;  the  appoiotmeat  of  Committees 
fof  various  purposes ;  the  notice  of  the  discussion  of  a  plan; 
for  examining  the  heavens  in  minute  detail;  and  the  state- 
ment of  the  CQO&tant  accession  and  unqualified  approbation  of  th» 
continental  aeUooomers,  constitute  the  remainir^  topics,  of  thitf 
lepoit ;  which  thus  concludes :  "  On  ihe  whole,  tne  Council 
cannot  view  this  new  impulse  which  appears  to  ha*e  been  given 
to  astronomy  in  ail  parts  of  the  world,  withoiit  anticipating  the 
most  beneficial  results  to  the  science.  The  establishment  of 
several  new  Observatories  on  the  continent  of  Europe  (one  of 
them  above  the  sixtieth  degree  of  north  latitude)  under  the 
direction  of  men  eminent  in  science,  andvieing  with  each  other 
in  the  moat  honourable  branch  of  emulation — the  rising  efforts 
of  our  countrymen  in  the  East  Indies — the  zeal  of  our  brethren 
()H  the  American  continent — the  foundatioa  of  a  public  Observa- 
tory at  Cambridge,  and  another  at  the  Ct^e  of  Good  Hope  (both 
so  bonoura^  to  our  own  country) — must  ensure  tile  good  wishes 
of  every  friend  to  science,  and  excite  the  adnxiraCion  of  evety 
nddctz^  Dond." 


Article  XVII. 

NEW  SCIENTIFIC  BOOKS 


A"  AiHJogkal  In^ry  iaio  the  probable  Results  of  the  Kiftoence-ot 
SMiitK>iu^ni|itioiu>a  HydrophMia,  Tetaaus,  Non^xsntbematoint*' 
uid  other  I>is^iKa  incidental  to  the  Haman  Body,  illustrated  by  Case*. 
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Dr.  Clarlc  Abel  ib  preparing  a  Translation  from  the  German  of  Bin. 
toenbach'a  Element*  of  NsluAil  Hiitorjr,  comprehending  conaiderable 
Additions. 

Observadons  on  eome  of  the  General  Principles,  and  on  the  Fsrti' 
cular  Nature  and  Treatment,  of  the  different  Species  of  InflammalioD ; 
by  J.  H.  James,  Surgeon  to  the  Devon  and  Exeter  Hospitals,  &c> 

An  Essay  on  Resuscitation,  with  a  Representation  and  Descriplion 
of  an  improved  Apparatus.     Dy  T.  J.  Armiger,  Surgeon. 

Thomas  Hare,  FLS.  &c.  intends  to  publish  a  View  of  the  Structure, 
Functions,  and  Disorders  of  the  Stomach,'  and  Alimentary  Organs  of 
the  Human  Bndv,  with  PhysiologicBl  Observations  and  Remarks  upon 
tite  Qualitiea  ana  Effects  of  Food,  and  fermented  Liquors. 


Practical  Observations  on  those  Disorders  of  the  Liver,  and  other 
Organs  of  Digestion,  which  produce  the  several  Forms  and  Varieties 
of  the  Bilious  Complaint.  New  and  enlarged  Edition.  By  Josefdi 
Ayre,  MD.     8t.  6d.  bds. 

Observations  on  Syphilis.     By  John  Bacot.     Svo.     Ss. 

A  Treatise  on  the  Epidemic  Cholera  of  India.  By  James  Boyle. 
Svo.    5s. 

A  Treatise  on  the  Medical  Powers  of  the  Nitromuriatic  Acid  Bath 
in  various  Diseases,  with  Cases.  By  Walter  Dunlop,  Surgeon.  Svo.  St. 

Illustrations  of  British  Ornithology.  By  P.  J.  Selby,  Esq.  Member 
ofthe  Wemerian  Natural  History  Society  at  Edinhurgh.  First  Series, 
Land  Birds,  No.  I.     Elephant  folio,  ]/.  lU.  6ri.  coloured  5l.5t. 

Elementary  Illustrations  of  the  Celestial  Mechanics  of  Li^lace. 
Svo.    lOt.  6a.  boards. 


Article  XVIIL 
NEW  PATENTS. 


James  Ferguson  Cole,  of  Mans-place,  St.  Luke,  Chelsea,  for  certain 
improvements  in  chronometers. — Jan.  27,  1821. 

John  Roger  Arnold,  of  Chigwell,  Essex,  fbr  a  new  or  improved  ex- 
pansion babnce  for  chronometers. — Jan.  27. 

Alphonso  Doxat,  of  Bishopsgate .street,  for  a  new  combination  of 
mechanical  powers,  whereby  the  weight  and  muscular  force  of  men 
may  be  employed  to  actuate  machinery  for  raising  water,  or  other  pur^ 
poses,  in  a  more  advantageous  manner  than  has  been  hitherto  practised, 
communicated  to  him  by  a  certain  foreigner  residing  abroad. — Jan.  27. 

Phillips  London,  the  younger,  of  Cannon-street,  practical  chemist, 
for  a  certain  improvement  in  the  application  of  heat  to  coppers  and 
other  utensils.— Feb.  S. 

William  Aldersey,  of  Homerton,  for  an  improvement  on  steafl- 
engines,  and  other  machinery  where  the  crtuikis  used.^ — Feb.  3. 

George  Vizar^  of  Dursley,  Gloucestershire,  for  a  new  process  or 
method  of  dressing  and  poushing  gioods  of  woollen  manu&ctuie.-' 
Feb.  3. 
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Article  XIX. 
METEOROLOGICAL    TABLE. 
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fecMd  JVontA— 1,  3.  Fiae.  S.FIiwidoudji.  4. 0*«nul.  S,f%ie:  hmT&oitinthe 
moning.  6,  Hoai  boU.  7.  Hoirfroit:  Jixj  Gite  monaagi  lunar  caniiu  at  ni^it. 
8.  Hoartrost:  fine.  9.  Hoftrfrcst:  cloudf  t  fine.  10.  Cloudy.  II.  Cloudy:  fine 
at  inlerrals.  19 — 15.  Cloudy.  16,  Lanar  corooa.  17.  Cloudj.  18.  Hoe:  «- 
ilioirct  about  lit,  p.m.  19.  Fine.  30.  Hou  froit:  a  ibower  in  the  evoiiDg. 
ei>  drreeminiliu  and  CirroifnifBi  stmked,  1^  an  agate.  3S.  Hoar  ftmt. 
S3,  M.  Hoaiftost:  foggy.  S5.  Cloudy.  i;6.  Qoudy :  blealc.  SI.  Very  fine  moDi- 
ii^.    !S.  Snowy. 

RESULTS. 
Windi!  NE,  6i  B,  li  SB,  4;  S,  I;  SW,  3i  W,  3;  NW,  Sj  Vir.«. 
fibromeUr :  Mem  beigM  . 

For  themralh SO^S  inclua^ 

For  the  lunar  petiod,  ending  the  SSth 30-336 

Foi  14  di^i,  ending  lbe5(h(i>ooaiaiilh) 304M 

For  1 3  dayi,  ending  the  IBtli  (mooa  nortb) 50-395 

TbennomciteT:  Mean  heigiit 

Foe  the  month 34-814" 

For  the  limu  period 35-6 

Foi99d>y«,  the  ton  in  Aquariui 30-741 

XnpontiMh. 1-OT  in. 

Btun. e-at 

Meeuof  hygTDmetet.  , TO* 

nie  buometer,  wbidi  ha  nuigett  Tery  hl^  moM  ptttofdunwlBter,  bu  twice  liteo 
win  ^lut  and  pretentmandi aa  [arabably  ta  k^  th««iipv  extmni^ of  the  scale' 
nuMtnyiuatiuiMeMa,  aail^iBoneof  tfaMetrtiichAeobBemd. 

,*•  .The  Comat,  irhiA  is  now  'riuble,  wai  well  tata  at  Tatktiliam  by  my  brother 
■odottwrpOMna  ««  eady  aa tbeerenii^of th«SSd;  and  on  tbeSTth,  ike  Zodiacal 
lii^t  TM  dio  diitinctly  obierved  Ihoe. 

Ltlorat^,  Straffbrd,  Third  AtMl,  IT,  UM.  >       R,  VOWAKD. 
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Article  I. 


Observations  on  the  Combinations  of  Axole  and  Oxygen. 
By  Thomas  ThomsoD,  MD.  FRS. 

ScABCEiY  any  part  of  chemistry  has  been  investigated  with 
more  industry  than  the  various  proportions  in  which  oxygen  and 
azote  conibine.  This  is  partly  to  be  aEcribed  to  the  beautJfiil 
fiimphcity  which  such  combinations  exhibit,  partly  to  the  appa- 
rent lacility  of  experiments  on  the  union  of  deutoxide  of  azote 
and  com9ion  air,  and  partly  to  the  notion  entertained  by  Dr. 
Priestley  and  his  contemporaries,  that  common  air  vafies  in  the 
proportion  of  oxygen  which  it  contains,  that  its  state  of  salu- 
Drity  depends  upon  this  proportion,  and  that  the  degree  of  its 
goodness  is  easily  determined  by  means  of  deutoxide  of  azote. 

Chemists  in  general  are  now  agreed  about  the  number  of 
compotinds  of  azote  and  oxygen,  which  are  capable  of  being 
fonned ;  and,  with  the  exception  of  Mr.  Dalton,  they  are  agreed 
likewise  about  the  exact  proportions  in  which  they  unite.  Mr. 
Dalton,  in  a  veiy  elaborate  paper,  published  in  the  nioth  volume 
of  ibe  Annals  of  Philosophy, p.  186,  has  given  us  a  great  number 
of  experiments,  from  which  he  draws  the  following  conclusion: 
the  five  compounds  of  azote  and  oxygen,  if  we  consider  both  of 
the  constituents  In  the  gaseous  form,  are  composed  of 


100  azote  +  f 

100 

+  ( 

100 

+  t 

100 

+  ( 

100 

+  « 

Netcr  Seriet 

,  vol 

Volumes. 
I  oxygen,  constituting  protoxide  of  azote 

2x3=  124  deutoxide  of  azote 

J  X  3=  186  hyponitrous  acid 

2x4  =  248  nitrous  acid 

2x5  =  310  nitric  acid 
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Gay-Lussac,  in  a  paper  published  in  an  early  Volume  of  the 
Annales  de  Chicoie  et  de  Physique,  has  given  veiy  strong 
reasons  for  concluding  that  the  composition  of  these  five  com- 
pounds is  as  follows : 

AzMc  Osjgea. 

Protoxide  of  azote 100  volumes  +    50  volumes 

Deutoxide  of  azote 100  +100 

Hyponitrous  acid 100  +150 

Nitrousacid 100  +200 

Nitricacid 100     ^       ■  +  250 

As  far  as  1  know,  these  proportions  of  Gay-Lussac  have  been 
adopted  by  the  whole  chemical  world,  with  the  exception  of  Mr. 
Dalton.  My  object  in  this  paper  is  to  show  that  the  present 
state  of  our  knowledge  leaves  no  doubt  whatever  that  Gay- 
Lussac's  proportions  are  accurate,  and  that  Mr,  Dalton  has 
misled  himself  somehow  or  other. 

1,  1  take  it  for  granted  that  the  specific  gravity  of  oxygen 
and  azotic  gases  are  as  follows : 

Oxygen MUl 

AzoUc 0-9722 

For  the  prooft  of  these-  specific  gravities,  I  refer  the  reader  to 
the  Annah  ofPhilosophf,  xvi.  163. 

2.  Ihave  demonstrated  (ibid.  p.  171)  that  tie  specific  gravity 
of  protoxide  of  azote  is  1'5277. 

Now  we  have  I  voluuie  of  azotic  gas  =  09722 
^T  volwoeof  oxygen  gas  s=  0'&655 

1-3277 

Thus  wlien  a  volume  of  azotic  gas  is  united  to  half  a  volume 
of  oxygen,  and  the  two  condensed  into  one  volume,  a  gas  is 
fomed  which  possesses  exactly  the  specific  gravity  of  protoxide 
of  azote.  Hence  we  are  entitled  to  conclude,  that  protoxide  of 
azote  is  a  compound  of  one  volume  azotic  +  half  a  volume  of  oxy- 
gen gas  condensed  into  one  volume.  That  this  is  its  true  com- 
position is  obvious  from  the  following  experiment,  which  I  have 
often  made,  and  which  very  neariy  agrees  with  the  results  given 
long  ago  by  Davy  in  his  Researches. 

Mix  together  100  volumes  of  protoxide  of  azote  and  IjSO 
volumes  of  hydrogen  gas.  Pass  an  electrical  spark  through  tie 
mixture;  detonation  takes  place,  tfae  whole  hydrogen  gas 
disappears,  the  residual  gas  measures  exactly  100  rdvmes,  and 
is  pure  azotic  ^fia.  Thus  we  see  that  100  voluues  of  protoxide 
of  azote  contain  exactly  100  volumes  of  azotic  gas.  The  100 
volumes  of  hydrogen  gas  must  have  been  converted  into  water, 
and  for  this  conversion  they  must  have  united  with  60  Tidumes 
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-a(  oxygen  gas ;  consequently  100  ¥oli)mes  of  pcotoicide  of  azote 
.oofitain  exaetly  50  K^uaies  of  oxygengas. 

The  arAy  difficulty  attending  tGie  experimeat.is  to  procune 
pratccdde  of  azote  in  a  state  of  alMiHute  purity.  I  have  fn^ 
qu«itly  had  it  so  pure  that  the  etvor  m  the  tesulte  did  not 
■amount  to  eo  mu<^  as  half  per  ceot.  Thia  I  consider  as  a 
demonstration  that  Dalton's  proportion  of  oxygen,  which  he 
makes  62  voluiaes,  is  eioeasive.  Were  thie  the  quantity,  124  ' 
volumes  of  hydragen  gas  would  be  requisite  instead  of  1>00 
■TOluiaes  ;  and  afterburning  a  mixture  <)f  100  volumes  of  [mitai:- 
ide  of  azote  and  100  volumes  of  hydrogen,  a  portion  of  protoxide 
of  azote  (araouating  to  rather  mefe  than  20  volumes)  should 
renutm  nndeooHipoaed,  or  12  'voiunw.of -Axygen  gas  should  he 
found  in  1^  rasioaal  gBs,-whKh,  iiurtead  of  IfO  volumes,  woutd 
anKmntto  112voiaaKe. 

'If  Mr.  Calton  will  consider  these  &ctei  be  will,  I  think,  flee 
&e  necessity  of  adwittiii^  that,pii«t9xi^  of  azote  i^  a  coinpouu4 
•of  100  TOdumas  azotic  +  &0  volanaes  oxygen  gas  coMeasad 
into  100  volumes. 

2.  That  ideotoxide  >6f  iitzate  is  a  Dempound  of  100  volumes 
aaetic  +  100  vAlumas  oxygen  eas  imited  together,  and  coasti- 
tnting  200  volumes,  inll  not  affiuit  of  (ioid%C>  if  we  attend  to  ^Us 
specific  gravity,  which  I  hive  shown  to  be  1-04166  (Aitmtlsaf 
Pldloso^tf,-xvi.  V72.)  Sow  tfcs  iswtaotljn  ttie  mean  of *he  spe- 
cific ^vities  of  oitygen  and  aaetic  gw«a ;  for 

■O^gen..-. , ,..  =  l-Illi    ' 

Azotic =3  0-9722 

2)2-0833 

fifcan....,.,.. =  1-04166 

I  have  not  myself  made  any  experiments  to  determine  the 
quantity  of  oxygen  in  deutoxide  ot  azote  by  combustion  j  but 
■  Vie  evidence  adduced  by  Gay-Lussac  in  the  second  volume  of 
the  Memoires  d'Arcueil,  that  this  gas  is  composed  of  equal 
"volumeB  of  oxygen  and  azotic  gas,  is  so  coodusive  as  to  leave 
no  doubts  whatever  on  my  mind  of  its  truth. 

3.  I  have  attempted  to  verify  Gay-Lussac's  experiments,  in 
"hich  he  nmde-  one  volume  of  oxyg^i  gas  unite  with  four 
volumes  of  deutoxide  of  azote  ;  but  thougn  I  have  returned  to 
the  subject  more  tbaa  once  at  different  penods  of  the  year,  I 
have  never  been  so  fortunate  as  to  obtain  the  same  results  with 
that  very  ingenious  philoaopher.  1  have,  however,  succeeded 
iu  hitting  up<Hi  a  method  oy  which  this  combination  can  be 
accompliahed  at  all  times  with  the  greatest  ease.  Indeed. I 
^ve  smce  found  that  this  method  is  not  new.  It  was  practised 
l>y  Mr.  Caveodieh  as  long  ago  as  1783,  and  is  minutely  oescribed 
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by  him  in  his  well-known  pftper,  entjtled  "  Of  a  pew  Eudimse- 
ter,"  <Phil.  Trans.  1783,  p.  1 06).  It  a,  Uierefore,  ratber  singular, 
"that  this  method,  which  is  easy  and  exact,  seems  to  be  quite 
unknown  both  to  Mr.  Dalton  and  M.  Gay-Lussac.  The  method 
is  this  :  Put  into  a  small  glass  vessel  open  below  100  volumes  of 
^eutoside  of  azote.  Into  a  smdL  cylindrical  glass  vessel  having 
«  small  brasR  stop  cock  at  its  top,  and  a  brass  plate  (with  a 
small  bole  in  it)  fixed  to  it  by  grinding  below,  put  100  volumes 
of  common  air.  Sink  the  cyhndricaf  vessel  under  water,  and 
place  the  vessel  containing  the  deutoxide  of  azote  over  it,  tak- 
ing care  that  its  mouth  is  under  the  surface  of  the  water. 
'Things  being  in  this  situation,  open  the  stop  cock.  The 
common  air  will  make  its  way  slowly,  and  bubble  by  bubble, 
into  the  deutoxide  of  azote.  Agitate  the  vessel  containing  the 
deutoxide  of  azote  the  whole  time  that  the  common  air  is  enter- 
ing iuto  it.  If  you  measure  the  residual  gas  after  the  process  is 
at  an  end,  it  will  amount  at  an  average  to  96  or  97  volumes ;  so 
that  the  quantity  of  gas  that  disappears  when  the  experiment  is 
made  in  this  way  amounts  to  103  or  104  volumes. 

Now  100  volumes  of  common  air  contain  21  volumes  of  oxygen 
gas ;  so  that  82  or  83  volumes  of  the  gas  which  have  disappearer) 
«re  deutoxide  of  azote  and  21  volumes  oxygen  gas;  bat  21  :  83 
;:  100  :  366-2. 

In  this  mode  of  exp^menting  then,  LOO  volumes  of  oxyg^ 
gas  unite  to  395-2  volumes  of  deutoxide  of  azote.  Now  395*2  is 
only  about  one  per  cent,  less  than  400.  I  conceive,  therefore, 
that  there  can  be  no  doubt  when  the  experiment  is  made  in  this 
way,  that  100  volumes  of  oxygen  gas  really  unite  with  400 
Tolumes  of  deutoxide  of  azote. 

Deutoxide  of  azote  consisting  of  equal  volumes  of  azotic  and 
oxygen  gases  united  without  undeigoing  any  condensation,  it  is 
obvious  that  400  volumes  of  it  must  be  coinposed  of 

200  volumes  oxygen 
200  volumes  azotic  gas 

Therefore,  when  100  oxygen  unite  with  400  deutoxide  of  azote, 
the  compound  formed  is  in  reality  composed  of  200  volumes 
azotic  and  300  volumes  oxygen ;  or,  which  is  the  same  thing,  of 
100  volumes  azotic  +  160  volumes  of  oxygen  gas.  Nowtbiais 
the  compound  called  hyponitrous  acid.  1  nave  never  attempted 
to  collect  this  acid  in  order  to  examine  its  properties,  the  great 
quantity  of  water  with  which  it  was  diluted  in  all  my  expen- 
ments  precluding  the  possibility  of  obtaining  it.  But  as  this 
mode  of  experimenting  gives  uniform  results,  I  see  no  reason  tfl 
doubt  that  such  a  substance  as  hyponitrogs  acid  actually  exists. 
4.  1  have  never  found  any  difficulty  in  obtaining  a  compound 
of  100  voKimes  oxygen  and  200  volumes  of  deutoxide  of  azote. 
My  method  of  proceeding  is  this:  I  introduce  100  volumes  of 
common  air  into  a  cylindrical  glass  tube,  the  internal  diameter 
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of*  which  is  0-9  iQch.  This  tube  is  shut  at  one  end  and  open  at 
tbe  other,  itnd  being  filled  with  water  is  placed  inverted  on  the 
etelfof  the  water  trough.  A  hundred  volumes  of  dentoxide  of 
azote  are  let  up  to  the  common  air.  The  mixture  becomes  yel- 
low and  diminishes  rapidly  in  volume.  I  allow  the  tuhe  to 
stand  untouched  till  the  gas  has  become  clear,  and  till  it  ceases 
sensibly  to  dimioieh  in  bulk.  I  then  introduce  the  residual  gas 
into  a  graduated  tube,  and  measure  its  volume.  The  average 
residue,  when  the  experiment  is  made  in  this  way,  is  137 
volumes.  The  following  table  exhibits  the  residual  volume  in 
six  successive  experiments,  the  original  volume  of  the  two  gases 
being  200. 

yohmKi. 

136 

137 

137       . 

138 

136 

137 

Mean....   136-8 

Thus  it  appears  that  when  the  experiment  is  made  in  this  way, 
the  gas  whica  disappeais,  and  which  of  course  must  have  been 
converted  into  an  acid  and  absorbed  by  the  water,  amounts  to 
63  volumes.  Now  21  of  these  volumes  must  liave  been  the 
oxygen  contained  in  the  100  volumes  of  common  air,  and  the 
remaining  42  volumes  must  have  been  deutoxide  of  azote ;  but 
42  is  just  double  21.  Thus  we  see  that  when  tbe  experiment  is 
made  in  this  way,  one  volume  of  oxygen  combines  with  two 
Tolumes  of  deutoxide  of  azote.  This  is  the  same  tbingits  100 
volumes  of  oxygen  and  200  volumes  of  deutoxide  of  azote ;  but 
200  volumes  of  deutoxide  of  azote  are  composed  of 

100  volumes  oxygen, 

100  volumes  azotic  gas, 

consequently  the  acid  formed  in  this  case  is  a  compound  of  lOO 
volumes  of  azotic  and  200  volumes  of  oxygen  gas.  It  is,  there- 
fore, the  acid  known  by  the  name  of  nitrous  add,  Dulong  has 
shown  that  this  is  the  acid  which  is  obtained  when  nitrate  of 
lead  is  exposed  to  heat  in  a  retort ;  while  the  receiver  is  sur- 
rounded with  a  mixture  of  snow  and  salt.  It  is  an  acid  of  a 
pale-yellow  colour,  and  seems  to  Undergo  decomposition  when 
united,  to  the  bases.  From  Dulong's  experiments,  it  appears  to 
contain  no  water.  Indeed  nitrate  of  lead,  when  properly  dried, 
is  tr^e  from  water. 

5.  I  have  not  yet  hit  upon  a  method  of  uniting  100  volumes  of 
oxygen  with  133  volumes  of  deutoxide  of  azote.  Davy  first 
showed,  that  if  we  unite  these  two  gases  in  these  proportions, 
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Ibe  resuUiog  compound  wilt  be  utric  acid.  I  bave  tried  tb& 
experiments,  which  be  describes,  but  find  the  results  too  variac 
ble  to  j^ace  any  reliance  on  them.  But  it  is  not  difficult  to 
demonstrate,  tbat  nitric  acid  is  in  reality  a  compound  oi  10& 
volumes  azotio  and  250  volimes  of  oxygen  gas. 

In  the  Aiinak  of  Philosophy,  xvi.  334,  1  have  shown  by  a. 
simple,  but  decisive  experiment,  that  the  atomic  weight  of  nita& 
acia  is  6-75.  The  preceding  observationa  leave  no  doubt  t^fe 
Hbs  composition  of  protoxide  of  azote,  deutoxide  <^  azote,  hypo- 
nitrous  acid,  and  nitrous  acid,  is  as  f<dlows  ; 

AtMe.  Ozfgen. 

Protoxide  of  azote .......   100  volumes  +  50  volumes 

Deutoxide  of  azote 100  +  100  or  50  x  2 

HyponitrouB  acid 100  +  150  or  50  x  3 

Nitrous  acid 100  +  200  or  50  x  4 

We  cannot  avoid  concluding,  from  observing  these  proportions, 
that  these  different  substances  are  composed  as  follows : 

AkM.  OlJgCD. 

Protoxide  of  azote 1  atom  +  1  atom 

Deutoxide  of  azote 1  +2 

Hyponitrous  acid I  +3 

Nitrous  acid 1  +4 

.  Consequently  an  atom  of  azote  is  represented  by  a  volume  of 
azotic  gas  and  an  atom  of  oxygen  by  half  a  volume  of  oxygen 
gas ;  but  the  specific  gravity  of  azotic  gas  is  0-9722,  and  that 
qf  oxygen  Mill,  the  half  of  which  is  05555  ;  therefore,  the 
weight  of  an  atom  of  oxygen  is  to  that  of  an  atom  of  azote  as 
0-6556  to  0-9722;  but  5665  :  9722  ::  1  :  1-75;  consequently,  if 
an  atom  of  oxygen  be  represented  by  I,  an  atom  of  azote  will 
weigh  1-75.  Substituting  these  weights  for  the  atoms  in  the 
.  preceding  table,  we  obtain  the  atomic  weights  of  these  different 
IWH^es  as  follows : 

Protoxide  of  azote 2'76 

Deutoxide  of  azote 3-76 

Hyponitrous  acid 4'75 

Nitrous  aci(^ 5*76 

If  to  5-76  we  add  another  atom  of  oxygen,  we  obtEun  6-75. 
Now  this  is  the  weight  of  an  atom  of  nitnc  acid.  It  cannot  be 
doubted,  therefore,  that  nitric  acid  is  a  compound  of  five  atoms 
of  oxygen  and  one  atom  of  azote.  But  as  an  atom,  of  azote 
represents  a  volume,  while  an  atom  of  oxygen  represents  half  a 
volume,  it  is  evident  that  nitric  acid  must  be  a  compound  of 
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Azote.  Oxreen. 

100  volumes  +  250  volumes. 
Now  this  is  the  very  constitution  pointed  out  by  Davy  and  by 
Gay-Lussac. 

6.  About  the  year  1806,  Mr.  Dalton  published  a  set  of  experi- 
ments to  determine  the  proportion  of  the  several  gases  in  the 
atmosphere.*  In  this  paper  lie  remarks,  that  if  3ti  volumes  of 
pore  dedtoxide  of  azete  be  introduced  into  a  glasa  tube  abowt 
three-tenths  of  an  incbwiiie,  and  100  v^nmas  of  common  air  bs  - 
lat  up  iirto  it,  after  a  few  minutes  the  whole  will  be  reduced  to 
79  or  80  volames,  and  will  exhibit  ao  signs  of  either  oxygen,  or 
dmtoxide  of  aadte.  In  this  case,  21  volumee  of  oxygen  harVe 
united  with  36  vcdnine^  of  deiitoxide  of  azote.  If  tbesameexpe- 
rinent  be  made  in  a  wide  vessel,  a  oommon  tumbler,  for  instance, 
and  if  we  employ  72  volumes  of  deutoxide  of  azote  and  100 
volumes  of  common  air,  the  residue  will  be  as  before,  79  or  80 
volumes.  Thus  21  volumes  of  oxygen  unite  with  36  volumes  of 
deutoxide  of  azote  in  a  narrow  tube,  and  with  36  x  2  =  72 
volumes  in  a  wide  vessel.  This  is  equivalent  to 
Oxjigen.  Deutoxide  of  azoic. 

100  volumes  +  171-429  volumes 
100  +  342-858 

The  diminution  of  volume  in  a  narrow  tube  he  finds  so  con- 
stant that  he  recommends  this  mode  of  experimenting  as  a  good 
method  of  datecting  the  volume  of  oxygen  in  a  given  quantity  of 
gas.  Take  a  given  volMOfie  of  it,  and  let  up  into  it  a  given  voluote 
of  deutoxide  of  azote.  Note  the  diminution  of  vohime;  7-19tltB 
of  this  diminution  is  the  oxygen  required  ;  so  that,  according  to 
this  raie,  we  have  only  to  multiply  the  diminution  of  volume  hy 
0'36H4 ;  the  product  iathe  volume  of  oxygen  required. 

I  have  maae  a  great  many  ttiais  to  verify  these  coDcIasicHis  ^ 
Mr^  Daltw).  Indeed  I  adopted  hia  mode  of  determining  the 
I^oportion  of  oxyg^i  in  mixed  gases  by  laeans  of  deotoxiole  of 
aaote  as  soon  as  1  became  acquainted  with  it;  but  the  wkattiS 
coincidence  between  diiierent  trials,  thou^  made  in  precisely 
the  same  way,  led  me  at  last  to  doubt  its  precisioe,  and  tOBaalc* 
a  set  of  experiments  in  order  to  investigate  what  really  takes 
placif,  I  found,  in  the  first  place,  that  the  results  did  not  vary 
sensibly,  whether  we  employed  glass  tubes  of  the  bore  0'3,  0'4, 
or  0'5  inch.  My  mode  of  proceeding  was  to  put  100  volumes  of 
common  air  into  a  graduated  tube,  and  to  let  up  into  it  100 
volumes  of  deutoxide  of  azote.  After  the  diminution  of  volume 
was  at  an  end,  1  noted  the  volume  of  residual  gas.  The  follow- 
ing table  exhibits  the  volume  of  residual  gas  in  six  successive 
experiments  made  in  this  way  in  a  tube  of&S  inch  in  diameter: 
•  nifL  Hi^.  nSL  351. 
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138 
140 
144 
142 
144 
14a 

The  mean  of  these  trials  gives  a  residae  of  141*6  Tolumes.    The 
smallest  residue  was  138,  and  the  greatest  144. 

The  mean  volume  of  gas  which  disaf^wared  in  this  case  was 
58*4.  Now  of  this,  21  volumes  were  oxygen  gw,  the  remaining 
37*4  volumes  must  have  been  deutoxide  of  azote ;  so  that  the 
mean  of  these  experiments  gives  us  21  volumes  of  oxygen  unit- 
ing with  37-4  volumes  of  deutoxide  of  azote.  This  is  omy  a  veiy 
little  greater  than  36  volumes,  the  quantity  assigned  by  Mr, 
Dalton.  The  extremes  in  the  experiments  are  : 
Volama.  Vdumca. 

21  oxygen  +  35  deutoxide  of  azote 
21  +41 

These  variations  are  so  great  that  I  was  induced  to  abandon 
Dalton's  method  altogether.  I  find  that  a  tube  0*9  inch  in 
diameter  gives  much  more  correct  results.  When  we  employ  it, 
the  21  volumes  of  oxygen  just  unite  with  42  volumes  of  deutox- 
ide of  azote ;  so  that  the  oxygen  is  obtained  by  dividing  the 
diminution  of  bulk  by  3.  It  is  obvious  that  36  volumes  of  deut- 
oxide of  azote  is  not  the  minimum  quantity  with  which  21 
volumes  of  oxygen  gas  are  capable  of  uniting.  The  minimum, 
instead  of  36,  is  in  reahty  28  volumes.  I  have  obtained  a  dimi- 
nution not  exceeding  61  volumes,  when  I  employed  very  narrow 
tubes ;  but  the  process  is  disagreeable,  and  not  nearly  so  accu- 
rate as  when  we  use  tubes  with  a  diameter  of  0*9  inch. 

When  we  mix  common  air  and  deutoxide  of  azote  in  a  com- 
mon tumbler  over  water,  the  results  are  pretty  uniform.  The 
foUowiog  table  exhibits  the  volume  of  residu^  gas  when  100 
volumes  of  deutoxide  of  azote  were  let  up  into  100  volumes  of 
common  air  in  a  tumbler  about  three  inches  in  diameter :     - 

119 
119 
118 
118 
118 
118 

Mean....  118*3  ' 

In  these  expsrimenta,  the  mean  difiioution  of  bwlk  was  8I4 
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TotumeB.  Of  these  21  were  oxygen ;  so  that  31  Tolumes  of 
oxygen  had  united  with  60-6  volumes  of  deutoxide  of  azote. 
This  differs  materially  from  72  volDmes  which  Mr.  Dalton  states 
as  the  maximum  of  deutoxide  of  azote  which  unites  with  21 
Tolumes  of  oxygen.  My  experiments  were  all  made  without 
agitating  the  vessels,  which  no  doubt  diminishes  the  portion  of 
deutoxide  of  azote  which  disappears  when  agitation  is  used.  My 
results  approach  very  nearly  to  one  volume  oxygen,  and  three 
▼olumes  deutoxide  of  azote.     Such  a  compound  would  consist  of 

1-5  volames  azotic, 
2*5  volumes  oxygen.  . 
This  is  equivalent  to 

I  volume  azotic. 
If  volume  of  oxygen, 

which  is  the  same  as  1  atom  azote  +  3|  atoms  oxygen.  This 
is  obviously  no  definite  compound,  though  it  approaches 
nearest  to  nyponitrous  acid. 

A  very  great  number  of  experiments  which  I  have  made  upon 
these  combinations  during  the  course  of  the  last  15  years  leave 
no  doubt  whatever  on  my  mind  that  both  Mr.  Dafton's  minimum 
and  maximum  of  deutoside  of  azote  are  inaccurate,  and  that  in 
reality  1  volume  of  oxygen  may  lie  made  to  combine  with  I4-,  2, 
and  4  volumes  of  deutoxide  of  azote,  producing  nitric  acid, 
nitrous  acid,  and  hyponitrous  acid,  respectively.  The  two  eases 
can  combine  in  all  the  intermediate  proportions  between  tnese. 
Hence  the  great  variety  of  results,  and  the  apparently  capricious 
nature  of  the  experiments,  that  have  for  so  many  years  attracted 
the  attention  ofthe  chemical  world. 


Article  II. 

A  Memoir  on  some  new  Modifications  of  Oahanic  Apparatus, 
with  Obiervations  in  Support  of  his  Theory  of  Galvanism. 
By  R.  Hare,  MD.  Professor  of  Chemistry  in  the  University  of 
Pennsylvania,  Communicated  by  the  Author,  (With  a  Plate.) 

I  HAD  observed  that  the  ignition  produced  by  one  or  two 
galvanic  pairs  attained  its  highest  intensity,  almost  as  soon  as 
tiiey  were  covered  by  the  acid  used  to  excite  them,  and  ceased 
soon  afterwards ;  although  the  action  of  the  acid  should  have 
increased  during  the  interim,  I  had  also  remarked  in  using  an 
apparatus  of  300  pairsof  small  plates,  that  a  platina  wire.  No.  16, 
placed  in  the  circ,uit,  was  fused  in  consequence  of  a  constnic-- 
tion  which  enabled  me  to  plunge  them  all  neariy  at  the  same 
time.    It  was,  therefore,  conceived,  that  the  maximum  of  effect 
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is  Voltaic  apparatus  of  exteaaive  series  had  nev«r  been  attai»ed. 
The  plates  are  generally  arriuiged  in  distinct  Uoi^jbs,  rarely 
containing  more  than  20  pairs.  Those  of  the  great  apparatus  M 
the  Royal  Institution,  employed  by  Sir  H.  Davy,  bad  only  10 
pairs  in  each.  There  were  100  such  to  be  successively  placed 
ID  the  acid,  and  the  whole  connected  ere  the  poles  could  act. 
CoDsequently  the  effect  which  arises  inimediateiy  after  immer'  i 
eion  would  be  lost  in  the  troughs  first  arranged,  before  it  could 
be  produced  in  the  last ;  ana  no  effort  appears  to  have  bee^ 
made, to  take  advantage  of  this  transient  accumulation  of  power, 
either  in  using  that  magnifloent  coeibination,  or  in  any  other 
of  which  1  have  read.  In  drder  to  observe  the  consequence' 9 f 
simultaneous  immersion  with  a  series  sufficiently  nueaerourf  tO' 
test  the  correctness  of  my  espectations,  a  galvanic  apparatris  of 
80  concentric  coils  of  copper  and'zincwas  so  suspended^by  a 
.  beam  and  levers  as  that  they  fuight  be  made  to  descend  into^  or 
rise  out  of,  the  acid  in  an  instant.  The  zinc  sheets  were'  about 
nine  inches  by  six,  the  copper  fourteen  by  six ;  more  of  this  metal 
being  necessary,  as  in  every  coil  it  was  made  to  commence  within 
the  zinc,  and  completely  to  surround  it  without.  The  sheets 
were  coiled  so  as  not  to  leave  between  them  an  interstice  wider 
than  a  quarter  of  an  inch.  Each  coil  is  in  diameter  about  two  I 
inches  and  a  half,  so  that  all  may  descend  freely  into  80  glass  i 
jars  two  inches  and  three -quarters  diameter  inside,  and  eight 
inches  high,  duly  stationed  to  receive  them,* 

My  apparatus  being  thus  arranged,  two  small  lead  pipes  were     ' 
Beverally  soldered  to  each  pole,  and  a  piece  of  charcoal  about  a     , 
quarter  of  an  inch  thick,  and  an  inch  arid  a  half  long,  taperinsa     I 
little  at  each  extremity,  hid  these  severally  inserted  into  tbe     I 
hollow  ends  of  the  pipes.    The  jars  being  furnished  with  diluted 
acid,  and  the  coils  suddenly  lowered  into  them,  no  vestige  of 
the  charcoal  could  be  seen.    It  was  ignited  so  intensely,  that 
those  portions  of  the  pipes  by  which  itliid  been  embraced  were 
destroyed.     In  order  to  avoid  a  useless  and  tiresome  repetitiou,     I 
I  wilt  here  state  that  the  coils  were  only  kept  in  the  acid  while 
the  action  at  the  poles  was  at  a  maxiTnuni  in  the  experinieut  just, 
mentioned ;  and  in  others^  which  I  am  about  to  describe,  unless 
Tvhere  the  decomposition  prodaoed  by  water  is- spoken  of,  or  the 
aensatioD  excited  in  the-hands.     I  designate  the.  appiv^tus  with 
which  I  performed  them  as  the  galvanic  deflagrator,  on  account 
<^  its  superior  power,  in  proportion  to  its  size,  in  causing  defla- 
gration ;  and  as,  in  the  form  last  adopted,  it  differs  from  the 
volt^c  pile  in  the  omission  of  one  of  the  elements  heretofore 
deemed  necessary  to  its  construction. 

Desirous  of  seeing  the  effect  of  the  simultaneous  immersioB  ol 
iaj\  series  upon  water,  the  pipes  soldered  to  the  poles  were 
iiMioduced  into  a  vessel  containing  that  fluid.    NoejUraordiaaiy 
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efiect  was  perceived,  until  they  were  veiy  near,  when  a  vivid- 
flash  was  observed,  aod  happeniag  to  touch  almost,  at  the  same. 
time,  they  were  fouod  fused  and  incorporated  at  the  place  of 
txHitact.  I  next  soldered  to  each  pipe  a  brass  cylinder  of  about 
five-tenths  of  an  inch  bore.  Tl«se  cylinders  were  made  to 
receive  the  tapering  extremities  of  a  piece  of  chuicQal  about  two 
inches  long,  so  as  to  complete  the  circuit.  The  submersion  of. 
the  coils  caused  the  most  vivid  ignition  iu  the  coal.  It  was 
iDstantaneously  and  entirely  on  fire.  A  piece  of  platiaa  of  about, 
a  quarter  of  an  inch  diameter  iu  counexion  with  one  pole,  was- 
instantly  fused  at  the  end  on  being  brought  in  contact  with  some 
joaercury  communicatiug  with  the  other.  When  two  cylinders 
of  «harcotd,  having  liemispherical  terminations,  were  fitted  into 
the  brass  cylinders  and  brought  nearly  into  contact,  a  most  vivid 
igmtion  took  place,  and  conbnued  after  they  were  removed  about 
a  iialf  «r  three  quarters  of  an  inch  apart,  the  interval  rivalling  the 
sun  in  brilliancy.  The  igneous  fluid  appeared  to  proceed  from 
the  positive  side.  The  charcoal  in  the  cylinder  soldered  to  the 
latter,  would  be  intensely  ignited  throughout,  when  the  piece 
connected  with  the  negative  pole  was  ignited  more  towards  the 
^tremity  approaching  the  positive.  The  most  intense  action 
seema  to  anse  from  placing  a  platina  wiie  of  about  the  eighth  of 
an  inch  diameter,  in  connexion  with  the  positive  pole,  and 
bringing  it  in  contact  with,  and  afterwards  removmg  it  a  small 
distance  apart  from,  a  piece  of  charcoal  (fresh  from  the  fire) 
affixed  to  the  other  pole. 

As  points  are  pre-eminently  capable  of  carrying  off  (without 
being  injnred)  a  current  of  the  electrical  fluid,  and  very  ill  quali- 
fied to  conduct  caloric  ;  while,  by  facilitatigg  radiation,  charcoal 
favours  the  separation  of  caloric  from  the  electricity  which  does- 
not  radiate ;  this  result  seems  coasistent  with  my  hypothesis, 
that  the  fluid  as  extricated  by  Vt^ta's  pile  is  a  compound  of 
ofdoric  and  dectri<uty ;  *  but  not  with  the  other  hypothesis, 

.  *  Accordiiig  10  the  Uteaty  hue  alluded  to,  the  gnlvsiuc  fluid  ones  iu  pioperliea  ta 
caloric  and  electricitj',  the  former  predomixiBtii-g  in  pro^rtion  to  (he  siie  of  the  pairs, 
ihe  latter  in  proportion  to  the  nutnbtr,  being  in  both  cases  excited  bj  a  powerful  arid.  . 
B<Bce  in  battmei  nhkh  combine  both  qualiScstiona  lufHaoltlf ,  n  in  bU  dv«e  intra* 
TOiiiig  beCiceen  Children's  Urg:e  purs  of  two  feet  ughc  inches  bf  six  foeC,  and  the  3000 
ibur-inch  pairs  of  the  Royal  Iiistituuon,  the  phenomena  indicate  the  presence  of  both 
'  fluids.  In  Do  Luc's  column,  where  the  aiie  of  ihe  purs  is  uiMfpjiflcant,  and  the  energy 
of  BileTpoeed  Agents  feeble,  we  see  electridtj  evolved  without  any  appradatds  quaatilir 
of  oUonc.  .In  &s  calorimotoi  whaie  we  hare  siie  iKily,  the  numbei  bong  die  lowot 
pomible,  we  axe  scarcely  able  to  detect  the  pnsence  of  electricity. 

When  the  fluid  contains  enough  electricity  to  give  a  prnjectile  power  adequate  to  pass 
ain»tt^asm»nspaoein  the  sir,  or  through  chwcrol,  wtiich  iirrpedeBoraweaa  thecal*. 
rki,  md  ftrours  itapropenaiey  to  njiate,  this  prinripal  heat  is  evolved.  This  aocounW 
for  the  evi^udon  of  intense  heal  under  those  drcumslances  which  rariliea  tile  air,  eo  that 
the  length  of  the  jet  from  one  pole  to  the  other  inay  be  extended  after  iis  commencf. 
ment.  Hence  theporCions-oftherircuitneBreattodie  intervening  ctnrGoa),  orheated 
9«B,  aiealonsinjpred;  and  eves  noiHiRidiiMini;  bodies,  asqusBtz,  inDodnoed  inlDi* 
■w  fused,  and  hence  a  very  la^  wire  may  be  mdted  by  the  fluid,  rccdved  through  > 
(man  wire  imperceptibly  rfected. 

SeeSDliman's  Journal,  No.  6,  vol.i.j  Thmnson'a  AimdU,  Sept.  1810;  Tilloch'" 
FUtoKfihinl  Uagazine,  On.  UW. 
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which  supposes  it  to  be  electricity  alone.  The  finest  needle  in- 
competent to  diBchfti^e  the  productof  the  most  powerfulmaehines 
without  detriment,  if  received  ^nulually  as  generated  by  them. 
Platiaa  points,  as  smcdl  as  those  which  were  melted  !&e  wax  hi 
my  experiments,  are  used  as  tips  to  listening:  rods  witlKnA 
injury,  unless  in  sudden  discha)^s  produced  under  (tecuUar 
circnmstanoes.* 

Ihe  following  experiment  I  conceiTe  to  be  veiy  nntarouraUe 
to  the  idea  that  galvanic  ignition  arises  from  a  current  of  elec- 
tricity. 

A  cylinder  of  lead,  of  about  a  quarter  of  an  inch  diameter,  and 
about  two  ioohes  long,  was  reduced  to  the  tfaic)ni«ss  of  a  com- 
mon brass  pin  for  aboat  three-quarters  of  an  ?nch.  When  one 
end  was  connected  with  one  pole  of  the  apparatus,  the  other 
remained  suspended  by  this  filament ;  yet  it  was  instanta^ 
neously  fused  by  contact  with  the  other  pole.  As  all  the  calo- 
rific fluid  which  aoted  upon  the  suspended  knob  must  bare 
passed  through  the  fHament  by  which  it  hung,  ^e  fusion  could 
not  have  resulted  from  a  pure  electrical  current,  which  would 
have  dispersed  the  filament  ere  a  mass  50  times  latger  had  been 
perceptibly  afiected.  According  to  my  theory,  caloric  is  not 
separated  from  the  electricity  until  circumstances  very  much 
favour-  a  disanion,  as  on  the  passage  of  the  compound  fluid 
trough  oharccml,  the  air,  or  a  vacuum.  In  operating  with  the 
deflagratoF,  I  have-  found  a  brass  knob  of  about  five-tenths  of 
an  inch  in  diameter,  to  bum  on  the  superficies  only ;  where 
alone,  according  to  my  view,  caloric  is  separated  so  as  to  acton 
the  mass.  Having,  as  mentioned  in  the  memoir  onmytheoiyof 
gelvanium,  found  that  four  galvanic  surfaces  aoted  well  in  one 
recipient,  i  was  tempted,  by  means  of  the  80  coils,  to  extend 
that  construction.  It  occurred  tome  that  attempts  of  this  kind 
had  failed  from  using  only  one  copper  for  each  zinc  plate.  The 
zinc  bad  alw8^»been  pennttted  to  react  towards  the  negative  as 
well  as  the  positive  pole.  My  coils  being  surrounded  by  copper, 
it  seemed  probable,  that  if  electro-calonc  were,  as  1  had  sug- 
gested, carried  forward  by  circulation  arising  from  galvanic  pola- 
rity, this  night  act  withm  the  interior  of  the  ooils,  yet  not  be 
exerted  between  ooe  coil  and  another. 

I  had  accordingly  a  trough  constructed  with  a  partition  along 
the  middle,  so  as  to  receive  40  coils  on  one  side,  and  a  like  num- 
ber on  the  other.  This  apparatus,  when  in  operation,  excited  a 
sensation  scarcely  tolerable  in  the  backs  of  the  hands.  Inter- 
posed charcoal  was  not  ignited  as  easily  as  before,  but  a  most 
intense  ignition  took  place  on  bringing  a  metallic  point  connected 
with  one  pole  of  the  series  into  contact  with  a  piece  of  charcoal 
fastened  to  the  other.  It  did  not  take  place,  however,  so  spee- 
i^ly  as  when  glasses  were  used ;  but  soon  after  the  ignition  was 
effected,  it  became  even  more  powerful  than  before.     A  cyhader 

•  See  Aduiu'i  EUctridtj,  on  Mali. 
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of  platina  oearly  a  quarter  at  an  inch  in  dieiDeter,  tapering  a 
little  at  the  end,  mae  fused  and  burned  bo  as  to  sparkle  to  a  ooa- 
siderable  distance  ^arouod^  and  fall  in  drops.  A  oaH  of  brMS  of 
about  half  an  inch  diameter  was  seen  to  bum  on  its  «u&ce  with 
a  green  ilame.  Tin  foil,  or  tinsel,  rolled  up  into  large  coils  of 
about  three-quarters  of  an  inch  thick,  were  rapidly  -deatf  oyed,  as 
was  a  wire  of  platina  of  No.  16.  Platina  wires  in  cooneRioQ 
with  the  poles  were  brought  into  ccottact  with  sulphuric  acid-; 
there  was  an  appearance  of  lively  ignition,  but  strongest  on  the 
positive  side.  Excepting  in  its  power  of  permeating  charcoal, 
the  galvanic  fluid  seemed  to  be  extricated  with  as  miKih  force 
as  wheiL  each  coil  was  in  a  distinct  glass.  -  Apprehenchag  that 
the  partition  in  the  trough  did  not  snffioiently  inraltte  the  poles 
from  each  okherj  as  they  were  bat  a  few  inches  apart,  moisture 
or  moistened  wood  intervening,  I  had  two  troughs  made;  each  to 
hold  40  pairs,  and  took  c^e  that  there  should  be  a  dry  space 
about  four  inches  broad  between  them.  They  were  first  nlled 
with  pure  river  water,-  there  being  no  saline  nw  acid  matter  to 
influence  Uie  plates>  unless  the  very  minute  quaatity  which 
mig^t  have  remained  on  them  from  former  immersi(»i3.  Yet  the 
sensation  produced  by  them  on  tlie  backs  of  my  bands  was 
painful,  and  a  lively  scintillation  took  place  when  the  poles  were 
approximated.  Dutch  gold  leaf  was  not  sensibly  burned,  though 
water  was  found  decomposable  by  wires  properly  affixed.  No 
effect  was  produced  on  potash,  the  heat  being  inadequate  to 
fuse  it. 

A  mixture  of  nitre  and  sulphuric  acid  was  next  added  to  the 
water  in  th^  troughs,  afi.erwards  charcoal  from  the  fire  was 
vivify  ignited,  and  when  attached  to  the  positive  pole  a  steel 
wire  was  interposed  between  it  and  the  other  pole,  the  most 
vivid  ignition  which  I  ever  saw  was  induced.  1  should  deem  it 
imprudent  to  repeat  the  experiment  without  glasses,  as  my  eyes, 
though  unusually  strong,  were  affected  for  4S  hours: afterwards. 
If  the  intensity  of.the  light  did  not  prodooe  an  optical  deception 
by  its  distressing  induence  upon  the  organs  of  vision^  the  char- 
coal assumed  a  pasty  oonsistence,  as  if  in  a  state  appFoachii^ 
to  fusion.  That  charcoal  should  be  thus  softened,  without  being 
destroyed  by  the  oxygen  of  the  atmosphere,  will  not  appear 
stnu^e,  when  the  power  of  galvanism  in  peversing  diemicaJ  affi- 
nitiee  is  remembered ;  and  wereitothrawise,  the  air  coold  have- 
no  access ; .  grat,  because  of  the  excessive  irarefaction,  and  in  the 
next  place,  as  I  suspect,  on  account  of  the  volatilization  of  the 
carbon  forming .  about  it  a  circumambient  atmosphere.  This 
last  mentioned  impression  arose  from  observing  that,  when  the 
experiaient  waa  performed  in  vacuo,  there  was  a  livdy  scintUia- 
tion,  as  if  the  carboit  in  an  aeriform  state  eicted  as  a  supporter  of 
combustion  on.tbe  matal;   ■ 

A  wire  of  platina  (No.  16)  waa  fused  into  a  globule  on  being 
connected  with  the  positive  pole,  and  brought  into  contact  with 
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«  piece  of  pnte  hydrate  of  potash,  sitnatsd  oa  a  silrer  tny  in 
comiexioti  with  the  other  pole.  The  potash  beoaoae  red-hot, 
«nd  was  deflagrated  i^idly  with  a  flajoe  having  the  rosy  live  of 
pota»sufetted  hydrogen. 

The  great  apparatus  of  the  Royal  .InstitutioQ,  in  pngettik 
power,  w&B  from  six  to  eight  times  more  potent  than  nnne.  It 
produced  a  dischar^  between  charcoal  point«  wheo  r^noved 
about  four  inches  apart,  whereas  mine  vim  not  produce  a  jet  at 
more  than  thr^e-fourths  of  an  inch.  But  that  was  a  Benes  of 
BOOO  pairs  ;  mine  is  only  about  a  twenty-fiiUi  part  as  large. 

A  steel  wire  of  about  one-tenth  of  an  indt  in  diameter  affixed 
to  the  negative  pole  was  passed  up  through  tlie  axis  of  «o  opan 
necked  inretted  bell  glass  tilled  with  water.  A  platina  wne, 
^o.  16,  attached  to  a  positive  pole,  being  passed  down  to  the 
■«teel  wire,  both  were  fosed  together,  amd  c(>(riiog,  conid  ootbe 
separated  by  manual  force.  Immediately  after  this  incorpoiB- 
tion  of  their  extremities,  the  platina  wire  became  incaudescent 
ibra  space  of  some  inches  above  the  surface  of  the  water. 

A  piece  of  silvered  paper,  about  two  intdies  sqimre,  was 
ffjded  up,  Uie  metallic  surface  outwanJ,  and  fastened  into  vices 
affixed  to  the  poles.  Into  each  rice  a  wire  was  screwed  at  tbe 
same  time.  Tne  fluid  generated  by  the  apparatus  was  not.pei^ 
ceptibly  conveyed  by  Jbe  silvered  paper,  as  it  did  not  preresttke 
wires  severally  attached  to  the  poles  from  decomposing  water,  «r 
producing  ignition  by  contact. 

In  my  memoir  on  my  theoiy  of  galvanism,  I  su^^ste^  that 
the  decomposition  of  water,  which  W (dlaston  ef&ctra  by  mecha- 
nical electricity,  might  not  be  the  efiect  of  direlieat  attisottan 
'|ike  those  excited  by  the  poles  of  a  voitaic  pile,  but  of  a  mecfaft- 
nical  concussion,  as  when  wires  are  dispersed  by  t^  discharge 
of  an  electrical  battery.  In  support  of  that  opinion,  I  will  nov 
observe,  that  he  could  not  prevent  hydrogen  and  ozygenfron 
being  extricated  at  each  wire,  instead  of  hydrogen  being  given 
off  only  at  one,  and  oxygen  at  the  other,  as  is  invariably  the 
case  when  the  voltaic  pile  is  employed.  That  learned  and  inge- 
nious philosopher,  in  concluding  his  account  of  this  celebr^ed  , 
.  experiment,  says,  "  but  in  fact  the  resemblance  is  not  complete, 
for  in  every  way  in  which  I  have  tried  it,  1  observed  each  wire 
gave  out  both  oxygen  and  hydrogen  gas,  instead  of  their  being 
rormed  separately  as  by  the  electric  pile." 

Is  it  not  reasonable  to  suppose  that  an  electrical  shock  m^ 
dissipate  any  body  into  its  elementary  atoms,  whether  simple  or 
compound,  so  that  no  two  particles  would  be  left  together  whicJi 
can  oe  separated  by  physical  means. 

Looking  over  Smger's  Electricity,  a  recratt  and  most  able 
modem  publication,  I  find  that  in  the  explosion  of  brass  wire  bv 
an  electiical  battery,  the  copper  and  nnc  actaolly  separated- 
He  says,  page  166,  "  Brass  wire  is  sometimes  decomposed  by 
the  chaise ;  the  copper  and  zinc  of  which  it  is  formed  beii^ 
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.fleparated  from  each  other,  and  ap|iearmg  in  tbeir  dutinot 
metallic  colours."  In  the  next  page  of  the  same  wovk,  I  find 
that  the  oxides  of  mercury  and  tin  are  reduced  by  electrical  dis- 
cbarges. "  Introduce,"  says  the  author,  "some  oxide  of  tin 
into  a  glass  tube,  so  that  when  the  tube  is  laid  horizoatal,  the 
oxide  may  cover  about  half  an  inch  of  its  lower  int«nKd  sut&oe. 
Place  the  tuba  oa  the  table  of  tlie  imiversal  disohai^er,  aod 
introduce  the  pointed  wires  into  its  opposite  ends,  that  the  por- 
-tion  of  oxide  may  lay  between  them.  Pass  several  strong 
<^arges  in  tucceeuoD  through  the  tube,  re^Jacing  the  oxide  in 
ita  BituatioQ,  should  it  be  dispersed.  If  the  chuges  are  suffi- 
cieotly  powerful,  a  part  of  the  tulie  will  soon  be  stained  with 
Kietallic  tio  which  has  been  revived  by  tjie  action  of  transmitted 
electricity."  It  cannot  be  alleged  that  in  such  decoiapositioiiB 
the  diveUent  polar  attractions  are  exercised  like  those  wfaioh 
.  characterize  the  action  of  wir&  proceeding  from  the  poles  of  a 
-volt^c  apparatus.  The  particles  were  di'spersed  from,  instead 
«f  being  attracted  to  the  wires,  by  which  the  tafluence  was  cos- 
■veyed  among  them.  This  being  undeniable,  it  can  hardly  be 
Advanced  tliat  we  are  to  have  one  mode  of  expUinuig  the  sepa- 
ration  of  the  elements  of  brass  by  an  electrical  diecha^e,  ano- 
^^er  of  exptoining  the  separation  of  the  elements  of  water  by  the 
:»aine  agent.  One  rationale  when  oxygen  is  liberated  from  tin, 
aad  .another  when  liberated  by  like  means  from  hydrogen.  In 
the  expei'inient  in  which  copper  was  precipitated  by  me  sane 
.j»biI<Moplier  at  the  negative  pole,  we  are  not  informed  whether 
.tbe  oxygen  and  acid  in  union  with  it  were  attracted  to  the  other, 
«(id  the  obanges  produced  in  litmus  are  mentioaed  not  as  simul- 
^taneouB,  but  successive..  The  violet  and  red  rays  of  the  spectram 
-have  an  oppoute  chemical  iniluence  in  some  degree  like  that  A^ 
'.voltaic  poles,  but  this  has  not  led  to  the  coacluBion  that  the 
csiue  of  galvamsm  and  light  is  the  same.  Besides  aduftittkig 
k-tilftt  the  feeble  results  obtained  by  Wollaaton  and  Van  Mamm 
with  electrical  machines  are  perfectly  analogous  to  those  ob- 
iftiaed  by  the  galvanic  pile,  ere  it  can  become  an  objection  to 
'my  hypotheeis,  it  ought  first  to  be  shown  that  the  union  between 
e^oric  aiid  electricity,  which  I  suppose  productive  of  galvanic 
l^enoBwna,  oaonot  be  produced  by  that  very  process.  If  thsy 
comlnoe  to  fonn  the  galvanic  fluid  when  eztncated  by.  ordinary 

flvanic  action,  they  must  have  an  affinity  for  each  other. '  As 
have  suggested  in  my  memoir,  when  electricity  enters  the 
.'pores  of  a  metal,  it  may  unite  with  its  caloric.  In  WoUaston's 
experiments,  being  constrained  to  enter  the  metal,-  it  may  com- 
bine with  enough  of  its  caloric  to  produce,  when  emitted,  results 
slightly  approaching  to  those  of  a  fluid  in  which  caloric  exists  in 
greater  proportion. 

>But  Once  more  I  demand  why,  if  mechanical  electricity  be 
too  intense  to  produce  galvanic  phenomena,  should  it  be  ^- 
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dcred  more  capable  of  prodscing  them  by  being  BtQl  moie 
coDcentcaced. 

If  the  one  be  generated  more  copiously,  the  other  more 
intensely,  the  first  will  move  in  a  large  stream  slowly,  the  last  ia 
ft  small  stream  rapidly.  Yet,  by  narrowing  the  channel  of  the 
latter,  Wollaston  is  supposed  to  render  it  more  like  the  former  ; 
that  is,  produces  a  resemblance  by  increasing  the  supposed 
source  (rt  dissimilarity. 

It  has  been  imagined  that  the  beneficial  effect  of  his  contri- 
Tance  arises  from  the  production  of  a  continued  stream,  instead 
of  a  succesBion  of  sparks ;  but  if  a  continued  stream  were  the 
only  desideratum,  a  point  placed  near  the  conductor  of  a  power- 
fal  machine  would  afford  this  requisite,  as  the  whole  product 
may  in  such  cases  be  conveyed  by  a  sewing  needle  in  a  stream 
perfectly  continuous.  As  yet  no  adequate  reasons  hare  been 
given  wny,  in  ojperating  witli  the  pile,  it  is  not  necessair,  as  in 
the  processes  of  Van  Marum  and  Wollaston,  to  enclose  the  wires 
in  glass  or  sealing  wax,  in  order  to  make  the  electricity  emanate 
from  a  point  within  a  conducting  fluid.  The  absence  of  this 
necessity  is  accounted  for,  accoraincr  to  my  hypothesis,  by  the 
indisposition  which  the  electric  fluid  has  to  quit  the  caloric  in 
union  with  it,  and  the  almost  absolute  incapacity  which  calorie 
has  topassthroughfltiida  unless  by  circulation.  I  conceive  that 
in  galvanic  combiDations,  electro-caloric  may  circulate  through 
the  fluid  from  the  positive  to  the  negative  surface,  and  throngh 
the  metal  from  the  negative  to  the  positive.  In  the  one  case 
caloric  subdues  the  disposition  which  electricity  has  to  diffuse 
its^f  through  Suids,  and  carries  it  into  circulation.  In  the  other, 
as  metals  are  excellent  conductors  of  caloric,  the  prodigious 
power  which  electricity  has  to  pervade  them  agreeably  to  any 
attractions  which  it  may  exercise,  operates  almost  withoat 
restraint.  This  is  fully  exemplified  in  my  galvanic  deflagrator, 
where  80  pairs  are  suspended  in  two  recipients,  40  successively 
in  each,  and  yet  decompose  potash  with  the  utmost  rapidity, 
and  produce  an  almost  intolerable  sensation  *  when  excited 
only  by  fresh  river  water.  I  have  already  observed  that  the 
reason  why  galvanic  apparatus,  composed  of  pairs  consisting 
each  of  one  copper  and  one  zinc  plate,  have  not  acted  well  with- 
out insulation  t  was  because  electro-caloric  could  retrocede  in 
the  negative  as  well  as  advance  in  the  positive  direction.  I  will 
now  add  that,  independently  of  the  greater  effect  produced  by 
the  simultaneous  immersion  of  my  80  coils,  their  power  is 
improved  by  the  proximity  of  the  surfaces,  which  are  only  about 

*  I  do  dM  Bay  diock,  u  it  ii  more  like  the  pennanent  imprennaii  of  a  pmoted  witt ; 
■cd  iriien  an  add  ia  naed,  of  a  hot  one. 

t  Thstb,  with  the  aame  man  of  condnctiiig  fluid,  in  contact  with  all  the  nuftia, 
iiutead  of  bdns  divided  into  difTerentpaniaiu,  each  restiicted  in  it«  action  to  tme  oopm 
and  oDe  ddc  pule. 
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three-niiteentfa?  of  «n  inqk  aiaadua ;  flo  that  Ae  ctrenttttioa  maf 
go  on  more  rapidly. 

Purquwt  to  tke  do^tiine,  which  suppoaes  ^be  s^e  qH&ntity 
of  electricity,  varying  in  intensity  in  the-n^o  of  the  number  M 
pairs  to  the'  quantity  of  surface,  to  be  the  vole  a«»it  in  galvaue 
Ignition,  the  electrical  fluid  as  evolved  by  Sir  H.  Davy's  great 
pile  must  have  been  nearly  two  thousand  times  nKve  iateBM 
than  as  evolved  by  a  sine'Ie  pair,  yet  it  gaVe  sparks  at  ae  greater 
distance  than  the  thirtieth  or  foi'tieth  oi  an  inch.  The  intensity 
of  the  fluid  must  be  at  least  a^  much  greater  iik  oae  inatanee 
tha.n  in  another,  as  the  sparks  produced  by  it  are  longer.  A  fine 
electrical  plate  machine,  of  32  inches  diameter,  will  ^ve  sp»ks 
at  10  inches.  Of  course  theintensityof  the  fluid  which  iteimts. 
must  be  300  times  greater  than  that  emitted  by  -2000  pairs^ 
llie  intensity  produced  by  .a  single  pair  must  he  2000  times  less 
than  that.produced  by  the  great  pile;  and,  ofcourse,  600,000 
times  less  than  that  produced  by  a  good  electrical- pktte  of  3^ 
inches.  Yet  a  single  pair,  of  about  a  square  foot  in  area,  w4 
certainly  defi^rate  more  wire  than  a  like  extent  of  coated  bup- 
jitce  chained  by  such  a  plate.  According  to  Stager,  it  reqmres 
about  160  square  inches  (^coated  gtaaa,  to  destroy  wateh  pMi^ 
dulum  wire ;  a  tai^er  wire  may  be  burned  off  by  «  galvuue 
battery  of  a  foot  square.  But  agreeably  to  the  hypothesis  id 
dispute,  it  compensates  by  quantity  for  the  want  of  inteasi^. 
Hence  the  quantity  of  fluid  in  the  pair  is  600,000  .ttaes'  greater, 
while  its  intensity  is  600,000  times  \em ;  and  vice  versM  ef  the 
coal^  surface.  Is  not  this  absurd  ?  What  does  intensity  B>eaA 
as  applied  to  a  fluid  ?  Is  it  not  expressed  by  the  ratio  of  qni^ti^ 
to  space  ?  If  there  be  twice  as  much  electricity  within  one  onbie 
inch,  as  within  another,  is  there  not  twice  the  intenftity?  But 
the  one  acts  suddenly,  it  may  be  .said ;  the  other  slowly*.  But 
whence  this  difference  1  They  may  both  have  exactly  rae  same 
porface  to  exist  in.  The  same  zinc  and  copper  ptates  may  be 
nsed  for  coatings  first,  and  a  galvanic  ptur  afterwards.  Let  it 
be  said,  as  it  may  in  truth,  that  the  charge  is,  in  the  one  case, 
attached  to  the  ^ass  superficies  ;  in  the  other,  exists  in  At  pores  ' 
of  the  metal.  Bat  why  does  it  avoid  these  pM-es  ia  one  case, 
"and  reside  in  them  in  the  other?  What  else  resides  intbe  pores 
of  the  metd  which  may  be  forced  out  by  pereussioal  Is  it  not 
caloric?  Possibly,  unless  under  constraint,  or  eircnmstances 
favourable  to  a  union  between  this  principle  and  electricity,  the 
latter  cannot  enter  the  metallic  pores  beyond  a  certais  d^ree  of 
saturation ;  and  hence  an  electrical  chaise  does  not  reside  in  Ae 
metallic  coatings  of  a  Leyden  phial,  though  it  fuses  the  wire 
which  forms  a  circuit  between  them. 

It  is  admitted  that  the  action  of  the  galvanic  fluid  is  upon,  ot 

between,  atoms ;  while  mechanical  electricity,  when  uncoHcei), 

acts  only  upon  masses.     This  difference  has  not  been  explained 

unless  by  my  hypothesise  in  which  calorie,  of  which  the  iafiueao* 
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is  only  exerted  between  atomB,  is  supposed  to  be  a  principal 
agiSDt  in  galvanism.  Nor  has  any  other  reason  been  given  tnat 
-water,  which  dissipates  pure  electricity,  should  caufle  the  galva- 
■nic  fluid  to  accumulate.  From  the  prodigious  effect  which  moist 
air,  or  a  moist  surface,  has  in  paralysing  the  most  elGcient 
machines,  I  am  led  to  suppose,  tnat  the  conducting  power  of 
moisture  so  situated  is  greater  than  that  of  water  under  its  sur- 
face. The  power  of  this  fluid  to  conduct  mechanical  electricity 
is  unfairly  contrasted  with  that  of  a  metal,  when  the  former  ia 
enclosed  in  a  glass  tube,  the  latter  bare. 

According  to  Singer,  the  electrical  accumulation- is  as  great 
when  water  is  used  as  when  more  powerful  menstrua  are 
employed ;  but  the  power  of  ignition  is  wanting  until  these  are 
resorted  to.  De  Luc  showed,  by  his  ingenious  dissections  of 
the  pile,  that  electricity  might  be  produced  witliout,  or  with 
chemical,  power.  The  rationale  of  these  differences  never  has 
been  given,  unless  by  my  theory,  which  supposes  caloric  to  be 
present  in  the  one  case,  but  not  in  the  other.  The  electric 
colamn  was  the  fruit  of  De  Luc's  sagacious  inquiries,  and 
afforded  a  beautiful  and  incontrovertible  support  to  the  objec- 
tions he  made  to  the  idea,  that  the  galvanic  fluid  is  pure  electri- 
city, when  extricated  by  the  voltaic  pile  in  its  usual  form.  It 
showed  that  a  pile  really  producing  pure  electricity  is  devoid  of 
the  chemical  power  of  galvanism. 

We  are  informed  by  Sir  H,  Davy  that,  when  charcoal  points 
in  connection  with  the  poles  of  the  magnificent  apparatus  with 
Avhich  he  operated,  were  first  brought  nearly  into  contact,  and 
then  withdrawn  four  inches  apart,  there  was  a  heated  'arch 
formed  between  them,  in  which  such  non-conducting  substances 
as  quartz  were  fused.  I  believe  i,t  impossible  to  iuse  electrics- 
by  mechanical  electricity.  If  opposing  its  passage,  they  may 
he  broken,  and  if  conductors  near  them  be  ignited,  they  may  be 
acted  on  by  those  ignited  conductors  as  if  oOierwise  heated;  but 
I  will  venture  to  predict,  that  the  slightest  glass  fibre  will  not 
enter  into  fusion  by  being  placed  in  a  current  from  the  largest 
machine,  or  electrical  battery. 

I  am  induced  to  believe  that  we  must  consider  hglit,  as  well 
as  heat,  an  ingredient  in  the  galvanic  fluid  ;  and  tninJL  it  pos- 
sible, Uiat,  being  necessary  to  vitality  in  animals,  as  well  as 
vegetables,  the  electric  tlmd  may  be  the  vehicle  of  its  distri- 
bution. 

I  will  take  this  opportunity  of  stating,  that  the  heat  evolved 
by  (Hie  galvanic  pair  has  been  found,  by  the  experiments  which 
I  instituted,  to  increase  in  quantity,  but  to  diminish  in  intensity, 
as  the  size  of  the  surfaces  may  he  enlarged.  A  pair  containing 
about  50  square  feet  of  each  metal  will  not  fuse  platina,  nor 
deflagrate  iron,  however  small  may  be  the  wire  employed ;  for 
the  heat  produced  in  metalhc  wires  is  not  improved  by  a  reduc- 
tion in  their  size  beyond  a  certain  point.    Yet  the  metels  abovc- 
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mentioned  are  easily  fased  or  defli^rated  by  smaller  pairs, 
which  wouM  have  no  perceptible  influence-  on  masses  thai 
might  be  sensibly  ignited  by  larger  pairs.  These  characteristics 
were  fully  demonstrated,  not  only  by  my  own  apparatus,  bat  by 
those  constructed  by  Messrs.  Wetherill  and  Peale,  and  whicli 
were  larger,  but  less  capable  of  exciting  intense  ignition.  Mr.- 
Peale's  apparatus  contained  nearly  70  square  feet,  TMr.  Wethe-- 
rill's  nearly  100,  in  the  form  ofconcentric  coils,  yet  neither  could- 
produce  a  heat  above  redness  on  the  smallest  wires.  At  my 
suggestion,  Mr.  Peale  separated  the  two  surfaces  in  his  coils  into 
fouf  alternating,  constituting  two  galvanic  pairs  into  one  reci- 
pient. Iron  wire  was  then  easily  burned,  ana  platina  fused  by  it.- 
These  facts,  together  with  the  incapacity  of  the  calorific  fluid 
extricated  by  the  calorimeter  to  permeate  charcoal,  next  ta 
metals,  the  best  electrical  conductor,  must  sanction  the  position 
I '  assigned  to  it  as  being  in  the  opposite  extreme  from  the 
.columns  of  De  Luc  and  Zamboni.  For,  as  in  these,  the  pheno^ 
mena  are  such  as  are  characteristic  of  pure  electricity,  so  in  one 
very  large  galvanic  pair,  they  almost  exclusively  demonstrate  tJie 
agency  of  pure  caloric. 


P.  S,  Since  writing  the  above,  I  have  endeavoured  in  every 
mode  which  I  could  devise  to  ignite  charcoal  by  electricity. 
Exposed  to  the  discharge  of  a  powerful  battery  in  pieces  taper- 
ing to  a  point,  in  a  glass  tube,  in  thin  strips,  and  in  powder,  by 
means  or  the  glass  usually  employed  for  inflaming  ether,  it  was 
either  uninfluenced,  or  merely  dispersed,  without  the  smallest 
symptom  of  ignition,  or  even  of  increased  warmth.  Yet  fulmi- 
nating mercury  was  flashed  by  the  discharge,  under  the  satue 
circumstances  as  those  in  which  the  piwderedcharcotd  had  been 
subjected  to  it.  The  result,  therefore,  was  such  as  might  be 
expected  from  a  "  mechanical  concussion."  Pointed  wires  were 
covered  with  spermaceti,  and  exposed  to  a  current  from  a  fine 
plate  machine  of  32  inches  diameter ;  yet  no  sign  of  fusion 
appeared.  Nor  was  a  differential  thermometer  filled  with  ether, 
according  to  Dr.  Howard's  sagacious  plan,  affected  sensibly, 
though  the  warmth  of  a  finger  applied  to  the  bulb  caused  the 
fluid  in  the  stem  to  move  nearly  a  foot. 

I  mentioned  in  the  memoir,  p.  332,  that  when  a  knob  of  lead 
suspended  by  a  filament  to  one  of  the  poles  of  my  deflagrator 
was  made  to  touch  the  other  pole  of  the  same  instrument,  the 
knob  was  fused,  the  filament  uninjured,  I  find  the  reverse  is 
the  case,  when  a  knob  suspended  by  a  filament  is  made  the 
medium  of  discharging  an  electrical  battery. ,  The  filament  ie 
destroyed,  the  knob  remains  unchanged.  It  must  be  evident, 
therefore,  that  galvanic  and  electricw  ignition  are  extremely 
discordant  in  their  characteristics. 
It  is  also  mentioned  in  the  memoir  ibat  a  piece  of  silvere 
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paper,  two  inches  square,  proved  iaftdequate  to  dischai^e  my 
'  galvanic  apparatus  of  coils,  yet  at  a  distance  70  times  greater, 
a  strip  of  the  same  paj>er,  one<third  of  an  inch  wide,  and  SO 
inches  long,  caused  an  instaataneous  diacbarge  of  the  eteotrical 
battery. 


Article  III. 

S  Mathanaiieal  Inquiry  into  the  Cause's,  Laws,  and  princMl 

Ph«nomaui  o/'  Ueal,  Gases,  Gravitation,  ^c.     By  icAm  He- 

lapath,  Esq.   (In  a  Letter  to  D.  GUhert,  Esq.  MP.  VPKS.  Slc.) 

{C/mtinutdfi-em^.  903.) 

Op  the  Laws  of  Gaseous  Eodies. 

Definitions. 

Vef.  1 . — The  homogeneity  of  a  gas  is  the  perfect  equality  of  its 
atoms,  or  particles,  throughout,  in  quantity  of  matter.  It  is  of 
QO  consequence  whether  the  atoms  are  similar  in  figure  or  not ; 
their  figures  might  be  very  diffej-ent,  provided,  however,  the 
quantity  of  solid  matter  in  each  is  the  same. 

Def'.  2. — Density  is  the  quantity  of  matter  in  a  given  space, 
when  the  atoms,  or  particles,  whatever  be  their  relative  m&g^- 
'  tudes,  are  uniformly  disposed  in  the  medium. 

Cor.  1. — The  mean  density  of  any  body  is,  therefore,  propor- 
tional to  the  whole  quantity  of  matter,  divided  by  the  whcJe  boJk-, 
or  magnitude  of  the  body. 

Cor.  2. — In  a  homogeneous  body,  the  density  is  equal  to  the 
mass  of  an  atom  drawn  into  the  number  contained  in  a  giv^ 
space. 

Def.  3. — Xumeratom  is  a  term  I  have  employed  to  exj^e^s 
Uie  number  of  atoms,  or  particles,  distributed  thjon^oot  a  given 
space,  without  respect  to  the  density  or  homogeneity  of  thj: 
body. 

Ci^r. — Hence  the  numeratom  of  a  homogeneous  body  is  pro- 
'portional  to  the  density  directly,  and  the  mass  (^  a  parUcle,  or 
atom,  inversely. 

This  conclusion  might  also  have  been  drawn  from  Cor.  2  pf 
the  preceding^  definition. 

Jjef.  4. — ^tne  elasticity  of  a  gas  is  the  force  with  which  it 
endeavours  to  expand  itself,  or  with  which  it  resists  compres- 
sion; and  is  estimated  by  the  amount  of  its  action  against 
similar  and  equal  portions  of  tlie  containing  bodies. 

Gemerai  Considerations  on  Force  and  the  Conbtitu- 

Tioi«  OF  Gaseous  Bodies. 

Force  is  the  cause  of  any  chaise,  or  is  that  power,  by  which 

llie  change  ia  produced.    If,  therefore,  a  botfy  oe  penfectly-  free 


to  yield  to  toy  chftn^e  of  state,  and  "none  tak«  pHice,  it  follows, 
tbftt  the  body  is  not  acted  on  hy  aay  foroe ;  or  if  it  be,  it  must 
be  by  an  ftccumukttion  of  opposing  forces,  which,  in  the  aggre- 
gate, destroy  ane  another.  Matiiematicians  usually  estimale 
force  by  the  effect  it  prodaces,  or  would  produce,  in  a  gives 
tiate,  and  coBBiderth*  mtensity  of  the  ferce  as  propoitional  to 
the  effect.  Thus,  if  one  of  two  forces  produce  twice  the  effect 
dfthe  other,  it  is  considered  to  be  doubly  as  powerful;  if  three 
tJiBes  the  effect,  trebly ;  anti  so  on.  But  this  is  rather  estimat- 
ing the  effects  than  the  forces ;  since  it  is  poesible  for  the  same 
primitive  force,  by  successive  actions,  to  produce  very  unequal 
e^cts  in  equtd  times. 

Forces  have  likewise  been  distinguished  into  two  kinds,  pres-' 
sive  and  impulsive,  or  those  which  act  by  pressure,  and  these 
which  act  by  impulsion .  The  former  generate  changes  in  bodies 
by  a  continued  unceasing  action,  from  the  beginning  to  the  end 
OT  the  stroke,  or  fit,  of  action  ;  and,  consequently,  always  coa- 
Bome  time.  The  latter  act  either  by  an  instantaneous  impulse, 
or  by  a  succession  of  those  impiilses  ;  but  each  impulse,  indivi- 
dually considered,  occupies  not  the  amallest  ]>ortioD  of  time.  It 
is  an  action  that  in  one  moment  might  be  said  not  to  have  oome 
into  existence  ;  and  in  the  next  to  have  ended.  This  is  the  kind 
of  force  we  have  now  to  consider,  , 

If  we  take  single  impolses,  it  is  plain  that  the  forces  and  the 
dianges  they  produce  are  proportional,  under  the  sAme  cirouiti- 
Btanoes  of  action.  But  if  a  succession  of  impulses  takes  place, 
the  effects  arc  no  longer  proportional  to  the  forces,  but  to  the 
collected  actions  of  the  forces  in  equal  times.  When,  therefore, 
the  forces  are  equal,  the  effects  «ie  proportional  to  the  numbers 
of  their  respective  repetitions ;  and  when  those  forces  are 
unequal,  but  uniformly  intense  in  their  actions,  the  eflfects  are  in- 
the  compound  ratio  of  those  numbers  and  the  forces.  It  is- 
hence  manifestly  possible  for  a  weak  force,  by  a  gieater  nmnber 
of  successive  actions,  to  produce  effects  equal  to  those  of  « 
stronger  by  a  less  number  of  actions ;  and  if  the  impulses  of  Ae 
hvo  forces  be  at  regolar  intervals,  and  yet  the  intervals  of  the 
slower  be  not  sensible  to  observation,  the,  effects  will  alwajw 
have  the  same  ratio,  whatever  be  the  length  of  time  in  which 
fliey  are  compared. 

These  impulses  ra4y  also  be  opposed  to  a  preseive  force,  and 
^kd  precisely  the  same  things.  For  let  us  siippdse  a  hard 
body  to  be  acted  on  from  a  state  of  quiesi;ence  by  a  contifiuod 
force,  such,  for  instance,  as  -what  we  commonly  Conceive  gravity 
.  to  be,  ureitog  it  in  any  direction ;  then,  after  H  has  been  impelled 
forward  tor  any  length  of  time  hy  this  force,  and  has  acquiied  a 
certain  momentum,  let  it  be  meth^  another  bftird  body,  moving 
anifsrmly  wiA  an  equal  momentum  in  the  -opposite  directioti ; 
and  by  our  laws  of  eoUision,  it  wiH  teoeive  such  a  change  in  its 
motiofi  by  the  eoDtect  as  wifl  gjve  it  an  equ^  and  oppoiil» 
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inoQientam  in  the  path  it  has  already  described.  It  will,  there- 
fore, bein^  acted  oa  stjll  by  the  soHcitiog  force>  retrace  this  path, 
nntil,  having  ascended  to  the  point  whence  it  set  out,  it  has  lost 
all  its  velocity,  and  begins  to  descend  ^ain  as  before.  As  bo<hi 
as  it  has  arrived  again  to  the  place  wherie  it  before  was  met  by 
the  other  body,  let  it  receive  a  second  equal  shock,  and  ^un 
it  will  begin  to  ascend ;  and  so  on  as  long  as  we  please.  'Dius 
it  might  be  continually  kept  oscillating   between  these  two 

Eoints  by  impulses  properly  regulated.  And  if  the  distance 
etween  the  points  he  diminished,  the  number  of  oscillations 
will  be  incteased,  and  the  intervals  between  the  shocks  dimi- 
nisbed,  and  the  body  consequently  approach  nearer  to  a  state  of 
apparent  rest. 

This  is  how  things  will  happen  when  the  affected  body  comes 
in  contact  with  only  one  other  body,  and  receives  the  strokes  ia 
the  direction  of  the  track  of  its  centre  of  gravity.  But  the  same 
would  evidently  take  place,  if,  instead  of  one  body  striking  it  in 
this  identical  manner,  it  were  struck  by  several  in  different  parts 
of  its  surface,  either  all  at  once,  or  in  any  order ;  the  aggregate 
direction  and  intensity  of  whose  strokes,  however,  should,  be 
similar  to  those  of  the  stogie  body  under  similar  circumstances. 
Then  might  the  body  acted  on  by  the  force  remain  io  a  state  of 
rest,  if  not  absolute,  at  least  so  nearly  so,  as  to  differ  from  it 
insensibly.  Now  the  tendency  of  this  body  to  move  in  the 
direction  in  which  it  is  solicited  is  precisely  the  same,  thing  as 
mathematicians  understand  by  the  force,  which  they  call  pres- 
sure ;  and,  therefore,  the  opposition  of  the  other  smaller  bodies 
is  also  equivalent ;  and,  as  to  effect,  the  same  as  this  force  of 
pressure.  And  because  the  value  of  this  pressure  might  be 
increased  or  diminished  ;  by  increasing  or  diminishing  the  soli- 
citing force,  or  the  pressing  body ;  so  mso  might  the  value  of  the 
resisting  force  of  tbe  smajler  bodies  be  increased  or  dimiDiabed, 
by  increasing  or  diminishing  their  momentum,  the  number  of 
their  collisions,  or  tbe  number  of  the  bodies. 

From  these  considerations  it  follows,  that  if  a  number  of 
sbiatl  bodies  be  inclosed  io  any  hollow  body,  and  be  continually 
impinging  on  one  another,  and  on  the  sides  of  the  enclosiD^ 
bony ;  and  if  the  motions  of  the  bodies  be  conserved  by  an  equi- 
valent  action  in  the  aides  of  the  containing  body,  then  will  tbese 
sm^I  bodies  compose  a  medium,  whose  elastic  force  will  belike 
that  of  our  air  and  other  gaseous  bodies  ;  for  if  the  bodies  be 
exceedingly  small,  the  medium  might,  like  any  aeriform  body, 
be  compressed  into  a  very  small  space ;  and  yet,  if  it  had  no 
other  tendency  than  what  would  arise  from  the  internal  collision 
of  its  atoms,  it  would,  if  left  to  itself,  extend  to  the  occupatioa 
of  a  space  of  almost  indefinite  greatness.  And  ita  temperature 
remaining  the  same,  its  «tasticity  .would  also  be  greater  nhra 
occupying  a  less,  and  less  when  occupying  a  greater  apace;  for 
in  a  condenaed  state  the  nnmber. of  atoms  striking  against  a 
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givKi  portion  of  the  contaiaiog  vessel  mnstbe  anemented ;  and 
the  space  in  which  the  irtoms  have  to  move  being  less,  tiieir 
returns,  or  periods,  must  be  shorter ;  and  the  nuniber  of  them, 
in  a  given  time,  consequently  greater,  on  both  of  which  accounts 
the  elasticity  is  greater,  the  greater  the  condensation.  Besides, 
when  other  things  are  the  same,  the  elastic  force  augments  with, 
an  augmentation  of  temperature,  and  diminishes  with  a  diminu— - 
tion  ;  for  an  increase  of  temperature,  according  to  our  theory^ , 
must  necessarily  be  attended  with  an  increase  of  velocity ;  and, 
therefore,  with  an  increase  in  the  number  of  collisions.  But 
these  things  will  be  more  accurately  treated  of  presently. 

Whether  all  pressive  forces  be  not  the  same  as  this  gaseous 
action,  is  a  question  we  do  not  at  present  intend  to  consider.  It 
might  come  under  our  cognizance  hereafter,  when  we  shall  have 
had  more  opportunities  of  collating  our  principles  with  experi- 
ments. In  tne  mean  time  it  is  sufficient  to  anticipate  that  our 
inquiries,  whatever  be  the  possibility  of  the  existence  of  another 
kind  of  pressive  force,  lead  us  to  conclude  that  nature  operates 
by  BO  other. 

.  It  Bught  be  asked  by  what  means  is  it,  if  the  parts  of  the  gases^ 
are  absolutely  hard,  that  they  are  reflected  back  into  the  medium 
from  the  sides  of  the  containing  vessel  ?  Ihis  question  is  eaaUy 
answered,  if  we  allow  heat  to  consist  in  an  intestine  motion  of 
-the  parts  of  the  bodies ;  for  then  the  parts  of  a  solid,  of  equal 
temperature  with  a  gas,  must  have  the  same  quantity,  iJiough' 
they  have  not  the  same  freedom  of  motion  as  the  parts  of  a  gas 
have  ;  and  hence  the  parts  of  the  gas  will  have  the  same  reflec- 
tion from  the  sidesof  the  vessel  that  they  have  from  one  another. 

PEOP.  VI.  '. 

The  figure  of  the. vessel,  in  which  a  gas  is  contained,  has  no 
influence  on  the  elastic  force  of  the  gas,  such  a  constitution  of 
things  being  granted  as  we  have  supposed. 

For  since  the  particles  of  the  gas  receive  their  reflecUon  from 
the  superfida)  particles  of  the  containiug  body ;  and  since  these 
particles  have  not  only  their  intestine  motion,  but  likewise  their 
figure  and  arrangement,  independent  of  the  superficial  figure  of 
the  containing  body,  it  follows,  that  the  direction  of  their  actiotb 
on  the  particles  of  the  gas  is  also  independent  of  the  figure  of  the 
body' in  which  they  ate  enclosed.  But  other  things  being  alike, 
this  action  is  equal  to  the  contrary  action  of  the  particles  of  th» 
sas,  which  constitutes  its  elastic  force ;  therefore,  its  elastic: 
Kiice  is  not  affected  by  the  figure  of  the  body  in  which  it  i» 
contained. 

Cor. — Hence  we  gather  that  in  any  bodies  of  equal  capaei^ 
and  of  the  same  temperature,  the  same,  or  an  equal  portion  ra 
the  same  gas,  would  be  equally  elastic  ;  for  the  motion  of  tb»' 
particles  being  independent  of  tne  figure  of  the  containing  bo^' 
must  depend  entirely  upon  the  temperature  of  that  body ;  and' 
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tbw  beii^  the  same,  tbe  ootioa  ia  the  sane.  But  &b  aatm, 
(piantity  of  gae,  and  capacity,  beuig  t^  same,  tha  eliwti^ty  muBt 
b,a  tbe  same. 

SchoUam. 

'  lliis  theorem  and  tts  cor.  agree  with  tbe  opinion  of  pbiloso- . 
pbers  respecting  the  elasticity  of  gaseous  boaies,  though  I  aia 
not  aware  that  they  have  ever  been  made  the  subject  of  direct 
experiment.  Indeed  it  seems  to  have  been  taken  for  granted 
that  wherever  the  temperatures,  spaces  occupied,  gases,  and. 
quantities  of  gas,  were  the  same,  the  elasticities  were  the  same; ' 
but  it  would  be  worth  while  to  be  more  certain  of  it.  An  expe- 
riment to  settle  this  point,  taking  every  circumstance  into  consi-. 
deration,  would,  perhaps,  reqmre  as  much  care  and  skill  as 
almost  any  of  those  that  have  been  made  on  gases. 

Prop.  TIL 

,  If  a  given  pottioQ  of  a  fltud  gas,  composed  td  partidcB 
taiutually  impinging  on  one  another  and  the  sides  of  tbe  coDbuS' 
ing  body,  in  tbe  manner  that  has  been  described,  has  its  tenpcr- 
ature  the  same;  and  if  the  particles  be  indciinitdy  small,  its 
dastic  force,  under  dtfierent  compressions,  is  redprocalfy  propor- 
tional to  tbe  space  it  occupies. 

Let  va  suppose  that  equal  poitions  of  the  same  easbamtdoEsd' 
in  two  ve«i^  of  unequal  capaoty.  Then,  by  tbe  lut  Prop,  it 
is  immaterial  whether  these  vessels  beof  theeame  orofdiflcrent 
%ureH ;  the  difiereuce  of  figures  would  have  no  influence  upon 
the  ratio  of  tbe  elasticities  ;  but,  for  the  sake  of  siBiplicity,  wa 
will  suppose  the  two  figures  similar.  Now  because  the  only 
change  that  is  supposed  to  take  place  is  in  tbe  space  which  the 
gM  occupies,  tbe  motions  and  collisions  of  a  particle  in  the  one 
will  be  similar  to  those  of  a  correspogHliDg  poiticle  in  the  other ; 
and  tbe  temperature,  that  is,  in  this  case,  nie  velocity  being  tiie 
quae  in  each,  the  numbers  of  revolutioaa  that  two  corresponding 
^rticles  in  tbe  two  .media  make  in  a  gives  time  must  be 
inversely  propord  on  al  to  tbe  paths  tbe  particles  deseribe  j  that  is, 
these  paths  being  alike  and  described  with  equal  velocities  m 
the  inverse  subtf^cate  ratio  of  the  spaces  occupied  by  the 
equal  porti<His  of  gases.  But  bet^uise  theelasdcity  of  a  gas  is 
proportional  to  tbe  action  of  its.  particles  against  a^iven  portion 
of  the  surface  of  the  containing  body,  the  ratio  of  tbe  elastic 
£9rces,  ansing  from  tbe  repeated  actions  of  equd  numbers  of  cor- 
vesponding  perticlds  in  the  two  media,  will  likewise,  their 
velocities  being  the  same  in  both  media,  be  inversely  as  the- 
8fdMnpii«iite  of  the  spaces  occupied^  And  if-  we  conceive  the 
tn>o  gaseft  to  be  divided  into  atrata,  parallel  to  As  sides  of  the. 
iKH^eson  which  the  elastic  A>rees  are  measured,  and  of  mm,  two, 
or  any  niunber  of  pteticlesthiclt,ttisiDanife«t,  since  the  motions 
4f  the  gftrticlea  are  alike  in  each  medhrai,  th^  if  the  dntic^. 
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IB  oae  netlmn  aris«s  from  die  atiti«n  of  the  ^articled  of  tbefiftt 
stevtan  Klone,  m  k  does  alBO  id  the  other  medrau ;  and  if  tt 
arises  from  the  action  of  the'  particles  of  the  two  first,  tNree  first, 
oi  n  ifirst  strata  in  one  meditmi,  the  same  holds  trae  with  the 
elasticity  in  the  other  medium.  But  the  number  of  particles  of 
any  one  stratum  that  strike  against  a  given  portion  of  the  con- 
taining sai^ce  of  one  medium,  is  to  the  number  of  particles  of 
the  correaponding  Btratum  that  strike  againat  an  equal  and  simi-' 
lar  portion  of  the  other  medium,  in  the  d up! isubtri plicate  ratio  of 
tlie  numeraboms  directlv ;  that  is,  in  the  duplisubtriphcate  ratio 
•  of  the  spaces  occupied  oy  equal  portions  of  the  g^ses  inversely. 
Therefore  as  the  whole  elastic  forces  of  these  corresponding 
stt«ta  are  in  a  ratio  compounded  of  the  ratios  of  the  nutnbers  of 
particles  that  strike  against  equal  portions  of  the  sidea  of  the 
eontainin?  bo^es,  ana  of  the  numbers  of  returns  which  they 
make  to  toe  sides  in  a  given  time,  that  ratio  must  be  equal  to 
one  conipoun^d  of  the  inverse  duplisubtri plicate  and  of  die 
inverse  eubtriplicate  ratios  of  the  spaces  occupied  by  the  ^vo 
gases ;  it  must,  therefore,  be  equal  to  the  simple  inverse  ratio  oT 
tbe  BpaoAs  occupied.  And  since  the  same  nvaiber  of  strdta 
afieots  the  elasticity  of  the  one  gas  as  of  t4re  ether ;  and  stnoe' 
the  inverse  ratio  of  the  spaces  is  the  ratio  of  the  elastic  force  of 
a»r  two  corresponding  strata,  it  is  consequently  the  ratio  of  ^e 
noited  ela^c  forces  of  all  the  strata  that  affect  the  clasttcity ; 
and  is,  therefore,  the  ratio  of  the  elastic  forces  of  the  two  gases. 
Cor. — Because  the  nameratoms  are  reciprocally  proportiO*Md' 
to  the  spaces  occupied,  it  follows  th^  the  elasticities  are,  under 
equal  temperatures,  directly  as  the  numeratoms. 

Scholium. 
We  have  in  the  two  preceding  theorems  and  their  coroItarieB 
sopf)osed  the  atoms,  or  particles,  to  be  perfectly  hard ;  but  the 
same  consequences  would  follow  if  they  were  either  perfectly  -or 
imperfeotiy  elastic,  and  the  containing  vessel  erther  elastic  or 
bard.  For  the  temperature  being  invariable,  the  intensity  df 
tbe  colliaionB,  and  consequently  of  tte  reflections,  would  remain 
tbe  sane  in  a  pare'as  in  a  denser  medium.  The  law,  therefore^ 
that  the  elasticities  and  compressions  are  proportional,  under* 
equal  temperatures,  is  true  not  only  in  permanent  airs  or  gftses, 
butin  aK  kinds  of  Taponre,  which  is  conformable  to  experience. 

Pkop.  VIII. 

-  llie  SRBie  ^ngs  remahiTng,  tbe  elasticity  of  a  gas  under  a 
vshable  tsmperatnre  and  compression,  is  proportional  to  its 
nnmeratom  and  the  square  of  its  temperetiHre  cdr^ointly ;  orth<e 
ohiitici<y  varies  as  the  square  of  the  temperature  directly,  abd 
tiu  sitapie  of  the  spaeoitniiersefy. 

-  If  i^  Grstfiappose  in  twoportions  of  tbe  same  gas  tbe  nanie' 
nit«q»t0  ,be -equal,  Uke-elafltieities  oftiidse  portiotn  frill  havetiMt- 
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«ame  ratio  as  the  eteaticUtes  arisiDg  from  tW  sctionB  of  cone- 
eponding  paiiides  in  the  two  media ;  for  the  change  of  tempera- 
tiue   does  not  alter   the  manner  ia  which' the  correBponding 

Particles  act  in  the  media,  but  only  the  intensity  of  adion. 
hie  being  the  case,  the  elasticities  due  to  the  actions  of  corre- 
sponding particles  are  to  one  another  as  their  momenta  and  the 
number  of  their  revolutions  or  returns  in  a  given  time;  that  is, 
as  their  temperatures  and  velocities.  But  the  masses  of  tlie 
corresponding  particles  bdng  the  same,  the  velocities  are  as  the 
.  temperatureB ;  therefore,  the  elasticities  due  to  corresponding 
particles,  and  consequently  the  elasticities  ofthe  media,  are  as 
the  squares  of  the  temperatures..  And  by  the  cor.  to  the  preced- 
ing prop,  the  temperatures  being  the  same,  the  elasticities  are  as 
the  Qumeratoms.  Whence,  if  neither  the  temperatures,  nor  the 
numeratoms  ore  the  same,  tJie  elasticities  are  in  a.  ratio  com- 
pounded of  the  ratio  of  the  numoratoms,  and  that  of  the  squares 
of  the  temperatures,  or,  which  is  the  same,  in  a  ratio  compounded 
of  the  inverse  ratio  of  the  voUimes  and  the  duplicate  direct  of 
the  temperatures. 

Cor.  \. — Hence  the  elasticities  are  also,  in  a  nUio  which  is 
equal  to  that  compounded  of  the  simple  ratio  of  the  numeratoms, 
and  the  duplicate  of  the  velocities. 

Cor.  2. — And  hence  also  the  elasticities  iu'e  in  a  ratio  oom^ 
pounded  of  .these  three  simple  ratic^;  namely,  the  ratio  of  the 
sumeratoms,  the  ratio  of  the  temperatures,  and  the  ratio  of  the 
velocities. 

Prop.  IX. 

The  spaces  occupied  by  equal  portions  of  the  same  gas,  under 
equal  elasticities,  are  directly  proportional  to  the  squares  of  the 
teo^teratures. 

For  by  the  preceding  proposition,  the  elasticity  varies  as  the 
ntuneratom  and  the  squar-e  of  the  temperature  coojointlj  ;  there- 
fore, the  elasticity  being  constant,  the  numeratom  is  inversely 
as  the  square  of  the  temperatures.  But  the  quantity  of  gas 
being  the  same,  the  space  occupied  is  reciprocaUy  as  the  nume- 
ratom; consequently  the  ^ace,  or  volume,  is  directly  as  the 
square  of  the  temperature. 

Cor.  1. — Because  this  is  true  of  any  gas,  it  follows  that  equal 
volumes  of  any  gases  whatever,  under  equal  pressures  and  tern-, 
pefatures,  will  m  equally  augmented  by  equtu  augmentations  of 
temperature. 

Cor.  2. — Or  more  generally,  if  the  elasticities  of  any  two  gases 
have  an  invariable  ratio,  and  if  their  temperatures  ^o  have  aa  ' 
invariable  ratio,  their  volumes  will  have  an  invariable  ratio. 

Cor.  3.— It  has  been  found  by  MM.  Dalton  and  Gay-Lussac. 
and  lately  confirmed  by  the  further  experiioents  of  MM.  Duloag 
and  Petit,  that  the  volume  of  a  given  portion  of  gas  at  the  tem- 
perature of  water  freezing  is  .to  ita  volume  under  an  eq^ual  pKB- 

.uiriieob,  Google 


grj 


1821.]      Phaaomena  of  Heat,G<ues,  Graviiatim,  3fC.  347 

sure  at  the  temperabite  of  water  boilins  as  8  to  11.  Therefore; 
rantiE^  the  truth  of  our  principles,  the  temperature  of  water 
reeziiig  is  to  that  of -water  boiling  in  the  subdupUcate  ratio  of 
8  to  1 1 ;  that  is,  nearly  in  the  ratio  of  6  to  7 ;  or,  more  nearly,  in 
thatofl00toli7,  orthatof579  tt>679. 

Cor.  4. — Because  the  temperatures  are  iu  the  same  gas  as  the 
velocities,  the  spaces  occupied  at  equal  elasticities  are  as  th« 
square  of  the  velocities. 

Cor.  5. — It  has  been  demonstrated  by  the  experiioents  of  phi- 
losophers, that  the  volmnes  of  mercury  and  air,  under  the  same 
pressure,  go.  on  pari  passu  within  certain  limits  ;  namely,  from 
about  —  36  of  centigrade  to  nearly  160.  There- 
fore, let  A  B  be  a  common  mercurial  thermome7 
ter,  of  which  F  is  the  freezing  and  B  the  boiling 
point  of  water;  and  let  the  tube,  or  a  hne  bythe 
side  of  it,  he  continued  to  the  point  C,  so  that 
BC  :FC::11  :8;  and  let  C  B  be  made  the 
axis  of  a  parabola,  whose  vertex  i^  C ;  then  tvill 
any  semiordinate  M  P,  between  the  limits  / 
(—  36)  and  L  (nearly  160),  drawn  from  the  sur- 
fiice  M  of  the  mercury,  represent  the  tempera- 
ture of  the  body  in  which  the  thermometer  is 
plunged;  and  C  M  the  volume,  due  to  the  ex- 
pansion of  air  under  the  same  temperature  and  a  uniform 
pressure. 

From  these  circumstances  it  appears,  that  the  measures  which 
have  been  taken  by  MM.  Dulong  and  Petit,  in  their  late  memoir 
on  the  communication  of  heat,  are  not  proportional  to  the  tem- 
peratures, as  they  imagine,  but  to  the  squares  of  the  temper- 
atures. 

Cor.  6. — Since,  if  the  temperatures  are  the  same,  the  volumes  ■ 
are  inversely  proportional  to  the  elasticities,  it  follows  that  the 
volumes  being  the  same,  the  squares  of  the  temperatures  are  as 
the  elasticities.  Hence,  therefore,  the  same  results  would  be 
obtained  by  measuring  the  temperatures  by  the  elasticities,  under 
an  invariable  volume,  as  by  the  volumes  under  an  invariable 
compression,  which  is  conformable  to  what  MM.  Bulongand 
Petit  say  they  have  found  from  experiment.  This  same  inference 
I  had  drawn  from  theoi-y  several  years  before  Dulong  and  Petit 
had  made,  orat  least  had  published  their  experiments;  and  upon 
this  principle  I  had  contrived  a  thermometer  by  means  of  hyoro 
gen  and  mercury,  the  description  of  which  I  have  by  me. 

Scholium. 
.  Inthepreceding  theorems andthoir corollaries,  wehave not coiu 
sidered  whether  the  riicdia  be  homogeneous  or  not,  or  wbethertheir 
-  particles  be  similar  or  dissimilar.     The  theorems  are  totally  inde- 
pendent of  all  considerations  of  homogeneity  or  similarity,  and 
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UK,  tiierefore,  eqnftllj^  s]>plicitble  to  aS  gases,  siraple,  or  ceia- 
pssnd,  supposing,  however,  iherr  parti^efi  M  lie  indslimteltf: 
small,  or  tneir  diaeietere  to  ttave  no  seneiUe  proporUon  to  the 
liaeB  they  descfibe. 

One  of  the  longest  known  laws  of  gaeeoes  bot^es  is,  that  of 
Ibe  vohnae  being  reciprocally  proportionel  to  the  elasticity. 
"ftis  law  is  demonstrated  in  prop.  7,  and  is  one  that  IhftTe'been 
careful  to  establish  by  a  clear  and  explicit  proof,  as  wdl  on 
account  of  its  own  importance,  as  of  its  being  the  foundation  of 
most  of  my  other  dedactions  on  the  properties  of  gaseous  bodies. 
I  biite,  however,  shown,  in  the  achobutn  to  prop.  7,  that  the 
same  law  would  result  from  the  supposition  of  the  particles  being 
ekher  perfectly  or  imperfectly  elastic.  But  tboogh  this  is  tnie 
in  the  present  instance,  it  is  not  so  universaJty.     For  if  we  sap- 

Eose  a  medium  to  be  composed  of  elastic  particles,  and  to  be 
ept  in  a  gaseous  state  by  the  actions  of  its  partides  on  one 
another,  wd  on  the  particles  of  the  containing  body ;  and  if  we 
also  'suppose  the  tempci'ature  to  be  equal  to  the  momeDta 
which  tuese  gaseous  particles  impress  on  the  particles  of  the 
other  bodies,  then  we  find  that,  in  order  to  preserve  the  temper- 
ature of  the  containing  body,  the  gaseous  particles '  most  have 
such  motions  as  will  repel  the  particles  of  the  containing  body, 
with  momenta  equal  to  the  momenta  which  they  had  prefious 
to  the  contact.  But  to  do  this,  the  particles  of  the  gas,  if  they 
and  the  particles  of  the  containing  body. are  unetjual,  wiH  hsm 
difterent  motions  before  and  after  the  collision,  which  is 
evidently  absuVd.  And  if  the  gas  should  be  transferred  into  > 
different  body,  whose  particles  are  larger  or  smaller  than  tlie 
parttf^  of  the  other  body,  the  temperature  and  elasticity  of  tbe 
gas  will  be  changed,  though  both  the  capacity  and  temperature 
of  iJie  two  containing  bodies  should  be  the  same.  Beskfes,  the 
temperatures  of  the  gas  and  of  the  coirtaining  bddies  would  never 
be  tne  same,  if  their  particles  were  unequal.  Nor  couM  a  gss, 
constituted  of  elastic  particles,  follow  the  laws  of  either  of  the 
other  propositions. 

If  any  method  were  known  of  experimentally  determining  tbe 
ratib  of  the  temperatures  of  two  bodies,  we  might  easily  devise 
■Ways  enough  of  putting  our  theory  to  tbe  test  of  observation;  bat 
since  fliis  is  not  the  case,  independent  of  theoreips  drawn  from 
our  principles,  we  are  obliged  to  search  for  such  cbnseqaencee 
■aa  are  not  under  the  controul  of  the  ratio,  or  of  the  quantity  of 
.temperature.  The  inference  drawn  in  the  first  cor.  to  prop.  9  h 
precisely  of  this  kind,  and  presents  us  with  a  law  thai  is  easily 
examined  by  experiment.  Indeed  this  law  was  discovered 
several  years  ago  by  MM.  Dalton  and  Gay-Lusaac,  and  has 
been  established  by  many  expentoents.  It  is  one  of  the  raort 
important  laws,  relative  to  the  expansion  and  contrectioa  of 
gaseous  bodies,  that  has  yet  beea  discovered  ;  and  affords  wt 
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«aiy  a  sti4»Dg  inatmnee  of  tha  coiacidoace  of  oor  t^eoiy  erf"  (be 
constitation  of  gases  with  phtenomena,  but  also  a  fine  corro^OM> 
tkm  of  our  theory  of  collifiiDn. . 

In  cor.  2,  I  have  geitembzed  this  law,  by  which  mems  we 
bav«  an  opportunity  of  comparisg  the  thecMy  with  pii»neiRei>a 
<m  a  ipore  eltiensive  and  varied  scale.  For  if  we  suppreBs  tile 
ratio  of  the  temperatures,  by  making  it  the  ratio  of  equality,  this 
cor.  will,  in  a  variety  of  ways,  become  comparable  with  obser- 
Tation.  By  taking  portions  of  any  two  gases,  and  measuring 
their  elasticities  *ai]d  volumes  at  any  common  tMsperature,  we 
ought  by  this  cor.  to  find,  that  if  we  raise  or  dimiaish  the  tem- 
perabiires  equally,  and  make  the  ratios  of  tb^  first  and  secsBd 
Toluioea  equal,  the  ratios  of  the  first  and  second  elastieittes  ougbt 
to  be  equal.  Again,  if  the  two  temperatures  he  equal,  Mid  we 
any  how  change  the  temperature,  elasticity,  and  v^ume  of  one 
«f  the  gases ;  and  if  we  make  ^he  second  elasticities  and  vtJameB 
to  botdrespectiv^y  the  same  ratios  as  the  Krst ;  then  ought  Ac 
second  temperature  of  the  one  gas  to  be  equal  to  the  second 
temperature  of  the  other. 

Prop.  X." 

'  If  the  ratio  of  the  elasticities  of  any  two  ^ses  be  thaj^  ofcto 
\,  the  ratio  of  th^ir  volumes  that  of  v  to  1,  and  of  their  tempera- 
tafes  tbatofl  to  I;  and  if  the  elasticities,  volumes,  and  tert- 
|MTiAar«s  of  these  gases  be  any  how  varied,  so  that  the  mtioa  ef 
tib^socead  elasticities,  volumes,  and  temperatures,  be  respectively 
t^omef  e,to  1,  V,  to  1,  and  t,  to  1  then  will  tJientioof  0,  t»l 
be  eqaaltotliatof  eti'^to^^v,. 

For  let  us  call  V,.  V  the  first  volunteS ;  £,  E  t^  first  ela^ici- 
^s;  andTgTtheficst  temperatures  of  the  ga8es;andlet  P',,V, 
ia  like  manner  denote  their  second  volumes  :  E„  E,  their  seoond 
elM^xties;  «iul  T,,  T,  their  second  tsmperatures.  Then  ^ 
hfpotiit^B,  we  b«ve 

V:V::v:lmdV,:Y'::v,:l 
E  :  E  ::  c  :  I  ii,  :  E,  ::  c,  :  1 
T  iT-.-.t  il  r, ;  T,  :;  (i :  1 

Bmt  hy  prop.  8, 

£, :  E  ::  T,'  F  :  T"  V,  and  ' 

E   :E,  ;:T'   V,  :  V  V,  and 
E    :E  ::c  :  1. 

Ther^ore  compoundisg  these  r^os,  we  shall  get  E,  :  E,  or  e, 
1  ::  r,»  T>   F  V,  c  :  T"  T,*  V,  V ;  ami  consequenUy  e,  :  1  i: 

Cor.  1. — From  this  theorem  it  ^(pears,  that  if  the  ratio  of  the 
first  temperatures  be  a  ratio  of  equality  ;  and  if  the  same  be  th© 
-c^is  with  Hie  ratio  of  the  seoond  temperatures,  no  matter  what 
be  the  ratio  of  tiie  first  and  second  temperatures ;  and  if  the 
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B&me  hold  good  with  the  ratios  of  the  first  and  second  Tolnmes, 
then  will  the  ratio  of  the  (irst  elasticities  be  equal  to  that  of  the 
second.  That  is,  the  volumes  and  temperatures  of  two  gase& 
always  preserving  ratios  of  equality,  however  much  these  volumes 
and  temperatures  may  vary,  the  elasticities  will  maintain  a  given 
ratio.  This  is  precisely  what  follows  from  cor.  2  to  the  preced- 
ingprop. 

Cor,  2.— Supposing  the  same  things  to  hold  good,  respecting 

the  temperatures,  the  tlieorem  becocoes  v,  :  I  ::  <  1  :  e,  >  ;  that 

is,  the  ratio  of  the  second  volumes  is  equal  to  the  ratio  com- 
pounded of  these  three  ratios  ;  namely,  the  direct  ratio  of  the 
first  elasticities,  the  inverse  of  the  second,  and'the  direct  of  the 
first  volumes. 

N.  B.  The  same  things  will  also  bold  good  in  both  these 
corollaries,  if  the  two  ratios  of  temperatures,  instead  of  being 
ratios  of  equality,  are  equal. 

Cor.  3. — In  ttte  construction  of  Mr.  Leslie's  differefitial  ther- 
mometer, it  is  supposed,  when  the  two  balls  are  of  equal  temper- 
atures, that  the  elasticities  and  volumes  are  also  equal.  Therefore 
in  this  case,  c,  (,  and  v,  are  each  unity,  and  t^  :  \  ::  */  <  '  !  i  f  ' 
which,  because  the  alteration  in  volume  is  but  trifling,  is  neaiiy 
eqtial  to  */  e^  :  I-  Hence,  if  we  know  the  ratios  of  the  second 
volumes  and  elasticities,  we  also  know  the  ratio  of  the  second 
temperatures ;  or  if  we  know  only  the  ratio  of  the  second  elasti- 
cities, this  ratio  of  the  second  temperatures  is  nearly  ftscertained ; 
and,  therefore,  one  of  the  second  temperatures  being  known,  the 
other,  and  the  difiereoce  of  the  two,  become  known.  But  the 
ratio  of  the  volumes  is  easily  ascertained,  by  admeasurements 
previous  to  the  mtikiog  of  the  instiiiment ;  and  die  difference  in 
the  elastic  forces  is  determined  by  the  difference  in  the  altitudes 
of  the  fluid  in  the  two  legs,  from  which  and  by  keeping  one  of 
liie  legs  at  a  certain  temperature,  and  by  having  measured  the 
elastic  force  of  the  gas  at  that  temperature,  before  the  finishing 
of  the  instrument,  we  shall  be  enabled  to  obtain  the  diiference 
and  ratio  of  the  two  elasticities,  and  thence  the  temperature  of 
the  gas  in  the  other  leg. 

I  have  for  want  of  time  but  just  mentioned  this  ingenious  and 
useful  little  instrument,  whose  theory  is  contained  in  the  preced- 
ing prop,  but  be  that  wishes  to  be  fully  acquainted  with  its 
merits  and  the  variety  of  purposes  to  which  it  is  appHcable,  may 
consult  Mr.  Leslie's  Essay  on  Heat  and  Moisture,  published  a 
few  years  since. 

Scholium. 

It  has  in  cor.  5  to  prop.  8  been  remarked  that  the  augmen- 
tations of  volume  in  mercury  end  auy  gas  have  so  nearly  a  gives 
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proportion,  between  certaio  temperatures,  that  scarcely  any 
difference  can  be  obEerved.  "With  this  fact,  therefore,  it  will  be 
nc  difficult  matter  to  examine  the  preceding  theorem  by  direct 
experiment,  in  a  more  general  way  than  ne  have  yet  Buppoaed  ^ 
for  aU  the  other  ratios  might  be  easily  determined  by  methods* 
already  known,  and  the  temperatures  might  be  measured  between, 
the  limits  alluded  to  by  a  common  mercurial  thermometer,  either 
in  the  way  that  is  pointed  out  in  cor.  5,  prop.  8,  or  )iy  dividing 
the  thermometer  into  equal  parts,  letting  the  freezing  point  stand 
at  80°  and  the  boiling  at  1 10° ;  in  which  case  the  divisions  would 
indicate  the  squares  of  the  temperatures.  Thus  all  the  ratios 
might  be  obtained  by  experiment  independentiy  of  each  other  ; 
consequently,  by  combining  any  of  them  according  to  the 
theory,  we  shall  be  able  to  see  whether  the  result  agrees  with 
that  given  by  experiment. 

*  Having  now  demonstrated,  as  they  flow  from  our  principles, 
some  of  tJie  chief  properties  of  gaseous  bodies,  after  the  manner  of 
mathematicians,  and  in  a  way  that  I  hope  will  satisfy  the  Royal 
Society,  both  of  the  legitimacy  and  simplicity  of  those  principles, 
I  shall  throw  some  other  things,  which  it  appears  necessary 
to  add,  into  a  general  scholium. 

ITo  be  cOHtinued.'i 


AaxicLE  IV.' 

A  Memoir  onihe  Phifs'tolo!^!/  of  the  Eeg,  read  before  the  Linnean 
Society  of  London,  on  March  21,  1809 ;  an  Abstract  of  which 
is  published  in  the  Society's  Transactions.  By  John  Ayrton 
Paris,  MD.  &c.  &c. 

[Having  accidentally  seen  Dr.  Paris's  paper  on  the  Physio- 
logy of  the  Egg,  which  had  been  printed,  about  10  years 
since,  for  private  circulation,  it  appeared  to  me  to  contain  so 
much  curious  matter  that  I  was  desirous  of  inserting  it  in  the 
Annals.  Dr.  Paris  has  not  only  kindly  consented  to  my  request, 
but  has  added  several  new  and  interesting  particulars  to  his  ori- 
ginal memoir. — Edit.'] 

"  At  cote  Notnn,  ri  fieri  potuiuet,  maxime  opUsset  uiuniDiiifidumeiis«iniinortaI«; 
quod  cDin  per  maleriam  non  Itceret,  Bubeidium  quod  potuit  ipai  id  immortaliu. 
uni  (M  fabnatM,  nam  mirntnleiii  quandam  mionein  invenit,  quamodo  in  demor. 
tui  animalu  locum,  novum  aliud  suffidaC" — Gekit  de  Utu  Partiutn.  < 

The  extensive  range  which  the  Ovipari  form  in  the  scale  of 
animated  existence  renders  the  oi^nization  and  developement 
of  4he  egg  a  subject  of  great  and  general  interest  to  the  natural- 
ist J  while  the  hope  of  ascending  to,  the  source  of  vitality,  by 
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eoatemnUtiBg  life  at  a  period  when  l^e  Dumber  md  coD]fdicB> 
iioD  of  Its  functions  are  tiie  least,  beei^es  an  irresistible  tnducef- 
mcot  to  the  physiologist  to  parsue  the  investigation  :  hence  we 
find  that  the  pkilosophers  ofevery  age  and  nation  have  devoted 
much  time  and  labour  to  this  inquiry.  Unfortunately,  however, 
fef  science,  theinfluence  of  chemical. powers  in  the  scheme  of 
imimal  hfe  has  only  of  late  be^  investigated  in  reference  to  the 
'  {uroUem ;  but  many  beneficial  results  have  ^eady  attended  Uiis 
new  train  of  research,  and  the  most  exhausted  topics  of  natural 
bistory  have  assumed  novel  and  very  unexpected  aspects.  The 
«atfaor,  th^efofe,  of  the  preBent  raemoir  may  reasonably  hope  to 
^esc^ie  the  censure  which  must  otiierwise  have  awaited  the 
adventurer  who  could  presume  to  b^at  the  field  that  has  belbre 
been  so  ably  and  diligently  explored  by  the  united  labours  of 
Fabricius  ab  Aqua  pendente,  Harvey,  Mdpighi,  Spallanzam, 
'Hwat^,  and  other  physiologists.  Apowerful  phalanx  of  philoso- 
phers maintftio,  with  much  plausibdity,  that  the  e^*  ia  the 
aaiversal  womb  of  nature,  and  that  oviparous  differ  only  from 
■vivi^Tmis  animals  by  the  latter  breaking  their  ovular  bondage  i* 
bawre  they  escape  from  the  parent.  Concerning  the  truth  of 
this  opinion,  which  is  comprehended  in  the  popular  aphorism, 
"  Omnia  ex  Ovo,"  or  with  regard  to  the  success  with  woich  the 
eloquent  Count  de  Bufibn  has  levelled  his  shafts  against  the 
paitiBans  cf  this  Jtheory,  1  shall  leave  abler  disputants  to  decide. 
The  observations  which  I  am  prepared  to  submit  to  your  notice 
do  not  involve  the  truth  of  either  theoiy,  but  are  connected  only 
with  those  animals  that  are  oviparova,  in  the  common  acceptit- 
tion  of  the  term ;  that  is,  who  depoiit  a  germ  to  be  developed  by 
£tutses  totally  indepeadent  of  parental  infbteace.  ^ 

Among  we  countless  multitudes  and  varieties  of  animals,  a 
v«ry  smaS  proportion  only  9ie  viviparous,  or  produce  linsg  ofi^ 
spring:  thus  the  immense  tribes  of  birds,  fishes,  amptubious 
animals,  and  insects,  with  comparatively  few  exceptions,^  pro- 

•  'Bae,—The  word  Oimta  aeenu  to  be  derived  from  the  Oiedc  vnd  Qbr,  atlU4- 
riujn,  because  it  produces  only  one  oKpring ;  thus  Fabricius  "  quis  ii)igjilaHa  jwriil)^ 
BOD  takm  rduti  CMeri  uteri  inln  se  plum  gignunl  fiKtiis."  That  (adi  ^^  ^duU 
indnlflbat  oOB  cnibiyNi  sums  to  be  >  serrerel  lav  of  nsnire,  but  cM  without  iti  laft- 
tioiu ;  a  Mijgular  apecka  of  ^g  *«>  fiiund  by  Ur.  Folks,  Fitudcnt  of  .the  Bcj^ 
SodetT,  in  £e  mud  of  a  rivulet,  whidi  equalled  in  size  a  pin's  besd.  Bf  biCBkiii^  tbe 
iImS  be  dislodged' nine  wonDa,  sU  of  whid  «eie  robtaiiled  witbiD  one  involucruni. 

f  The  aystem  of  the  ovariiahu  been  adopted  byHaiver,  StoDO,  Mi^^bi,  Vilif. 
nieri,  Dahaimd,  Nuck,  Littre,  Swammerdun,  Htdlei,  Spallanauii,  Bonnet,  &£.  It 
AHut  not  be  iiirgMteti  that  tliere  ue  boom  suimali  that  cannot  be  called  eo^oroB  in 
whatever  ^ni£catioB  the  term  may  bt  receiTEd;  the  hydra,  Iv  imitinrr,  Budttpliea  its 
Spedw  by  lending  off  ihoots&no  its  own  body,  and  ouy,  thare&R,  b«  u^  to  be  ^em- 

t  Some  fiah  are  ririparoaa,  e.  g.  Muriaia  Angailla,  ored,  Blemtiut  Fatipanii,luL 
Amoi^  theamphibi»»em«y  notiflt  the  v^^i  w^bicb  bnn^  f<>itll'ilayounailire,'i^ 
hence  probably  derivea  ita  natae,  quod  uiuunt  parial.  Spaltanzuni  coniiden  Jse  the 
fHiacdn  oTftogs  as  bdag  rather  o(  a  viviparous  than  onpuooi  nttoie ;  dni  rq&- 
jDiiBt,  however,  of  tbef^are animalcenaiit^ partskas aanuidioflhe'iiaMteitfaD qg 
as  of  a  fietus,  and  njar  probably  be  conaidered  aa  a  eouneeiu^  link  i»etw*en  die  tf» 
grealditaei.     Insecta  Ukewiae  present  us  with  exceptions,  and  fcvcnl  wbiouDad  noe- 
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Mgatte  their  ^eoiea  by  the  iiiteFT«ntien  of  tba  eg^,  oor  is  Buclta 
node  of  generation  either  accidental  in  its  occurrence,  or  unim^ 
)ortant  in  its  operation;  had  the  winged  inhabitants  of  tiie  air 
seen  viviparous,  the  burden  of  gestation  would  have  impeded' 
he  action  of  their  wings,  and  have  so  -far  iticveased  their  gravity 
IS  to  have  Tendered  them  incapable  of  the  exertion  of  flight : 
the  rigid  and  unpliant  coverings  of  cruflaceous  animals  •waai^ 
bav«  opposed  the  exp&osion  necessary  for  t^  deve)openi«it  ot 
et  fc^ics ;  and  it  is  evident  from  tha  stnicttire  and  habits  of  tJw 
bribe  of  serpents,  tJiat  if  they  had  been  vtviparous,  their  offspring 
must  have  sufiered  materially  fr»m  the  tortuous  flexions,  rii$ 
Iriction  necessarily  attendant  upon  their  progressive  motions; 
and,  lastly,  the  tauliiparous*  nature  of  insects  fmd  ttshes  at  once 
conviocee  how  in^ovident  it  would  tmve  been  to  engender  them 
by  any  other  nuidk  than  that  which  nature  empire. 

"Hie  eggs  of  riie  ovipari  admit  of  an  evident  division  into  two 
classes,  which  I  shall  denominate,  I.  '£he  Perfect;  and  2.  The 
Imperfect.  The  former,  which"  are  deposited  by  the  aves,  and 
some  genera  of  amphibia,  are  completely  covered  by  a  hard  sh«l)^ 
or  membrane,  and  receive  no  additions  after  their  exclusion; 
while  the  latter  are  d^xasited  by  most  ^inces,  and  in  general 
constitute  a  soft  mass  {Jiavago),  not  being  protected  by  tmy 
external  involucre.  The-  observations  contwned  in  this  memoir 
relate  more  particularly  to  the  egg  of  birds :  their  history,  how- 
ever, comprises  whatever  is  interesting  or  important  in  the  germa 
of  inferior  animals. 

In  order  that  1  may  be  better  able  to  form  a  systematic  r^a^ 
tion  of  those  new  facts  and  opinions  which  I  wish  to  submit  to 

liw;  Am  af)4Me)l»r  %g8at<tl|«eBd.af  •Mumq,  when  the  youae pndiMed  &«m  tbm 

iolbeipriog  axi  viviparoufl  dunng  tbe  nhok  aunuucr  t  The  coiri  hatch  thar  e^  befoi^ 
&ai  enelusion,  and  the  young  force  their  .vaj  through  (he  abdatnea  of  ihei-'  — '' — 

ThaMud'Canylheir'^gs  in  ajMMioular  ne« '""     * ~'^'~' 

4ap<nwgiiMAethnicwB{)«.    Tm  Mj'piA"ca.  1 

tluBe  ^eadj  gone  into  the  pupa  state !  The  li  „  .       „. 

complete  in  eveiy  part,  but  edllenclosed  in  an  egg. 

•  Heaumui  ascertained  that  a  tingle  queen  bee  had  laid  in  the  monlhs  (rf  March  and 
April  le^OOO  ^s;  and  Ijtwaihoeak.  fouDd  Chat  the  muica  ixruatia  depwted  IM 
«^,  from  wlii^  in  one  month,  vere  produced  as  man^  flies ;  so  that  suppoiiing  one- 
half  of  these  to  be  females,  there  aouldbe  in  the  third  month  74G,19G  flies.  The  ama^ 
ing  fertilitj  of  fish  maj  be  iUiiatrated  by  the  gadiit  jnorhua,  the  cod  hsb,  wMcfa  will 
depoait  among  the  iDcb  9,000,000,  or  1 0,000,000  of  e^s ;  »id  again,  thsffrrajltnM. 
iUit  pioduccs  in  April  and  May  not  less  than  300,000  ova  !  J>[.  BaMw  sars  that  he 
coun^  1S,H4  eggs  under  the  tail  of  a  female  lobster,  besides  those  lliat  remained  in 
Ihe  (rvariura  unprotruded.  I  have  fVequently  examuied  the  ora  of  the  lobster,  and 
diere  is  one  eirciunatance  that,  perhaps,  deserves  notice ;  each  ovum  upon  eiaminalimi 
vill  be  found  to  be  hexagonal  in  its  form.  If  we  were  inclined  to  be  eager  (m  like  sub- 
ject of  final  causes,  we  might  at  once  conclude  that  this  fonn  was  the  one  adopted,  as 
■flbiding  fatihly  of  packing  the  greatest  number  in  the  least  posdble  space,  and  we 
mi^t  adduce  the  structure  of  the  honeycomb  as  an  illuadalian :  ifae  fact,  however,  ia 
wi^j  this;  that  (heovK,  lilts  all  yieldiiig  bodies,  assume  the  polyanguUi  form,  inun 
Ihe  mutual  pHMuie  which  each  niMains  fiom  its  odchbour.  Every  person  must  hava 
efaserved  (he  hexagonal  bMbbles  upoa  Ihe  suifiwe  n  pomi  and  Mher  liquon,  Bcom  », 
•imilar  caiise. 
New  Series,  vol.  i.  z 
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your  notice,  I  shall  briefly  r^te  the  sacceasire  operatioDs  by 
which  the  6gg  is  formed  in  the  body  of  the  aoimal ;  the  neoessity 
of  more  minute  detail  is  superseded  by  the  valuable  descriptioos 
of  Harvey  and  Malpighi. 

The  rudiments  of  the  ovum  are  first  visible  ia  the  ovarium, 
which,  in  fact,  is  nothing  but  a  congeries  of  vilelH,*  or  yelka, ' 
attached  to  the  spine  b^  a  proper  membrane  ;  this  repository  is  j 
denominated  by  Fabricius,  the  viteliarium,  or  vitellorum  racenius, 
and  may  be  considered  as  analogous  to  the  ovarium  of  the  mam- 
malia, or  to  the  roe  of  fiBhes.  These  vitelli  generally  vary  in 
progreesion  from  the  size  of  a  millet  seed  to  that  of  an  acorn ; 
each  of  which,  according  to  its  maturity,  is  successively 
detached  from  the  rest,  whence  It  descends  a  tube,  called,  rrom 
its  resemblance  to  a  iaxaxtXi-iiifundibulum,  and  arrives  at  the 
vterus,  the  internal  surface  of  which  is  extended  by  spiral  con- 
volutions; here  the  albuminijue  fluids  are  secreted,  and  trans- 
mitted to  the  vitellui  during  its  passage  to  th.e  fundus  uteri,  or 
cloaca,  where  it  receives  its  last  addition,  the  external  crust,  oi 
shell. 

:  The  egg  thus  formed  and  completed  possesses  every  essential 
for  its  subsequent  maturation,  and  requires  only  the  emphatical 
enei^  of  heat  for  the  develop e me nt  of  its  embryoa;  this  is  con- 
veyed through  different  media  in  the  different  classes  of  animals. 
In  birds  it  is  apphed  by  incubation,t  but  in  the  amphiiiia  and 
other  animals,  the  heal,  of  whose  bodies  is  inconsiderable  and  i 
inefficient,  the  eggs  are  deposited  in  mud.  or  sand,  or  are 
exposed  to  tlte  rays  of  the  sun,  by  whose  prohfic  influence 
myriads  of  beiugg  are  daily  called  into  life  and  activity ;  or  they 
are  placed  in  other  favourable  situations,  all  of  which  are  loo 
well  known  to  the  disciple  of  Linnaius  to  require  any  particular 
notice.  It  is,  however,  worthy  of  remark,  that  the  medium 
through  which  heat  is  applied  is  suitably  varied  in  the  same 
species  in  different  climates.  In  Senegal,  for  instance,  the 
ostrich  abandons  her  eggs  to  be  hatched  by  the  burning  sands, 
while  in  the  more  temperate  and  congenial  regions  of  toe  Cape 
«f  Good  Hope,  like  other  birds,  she  is  inclined  to  incubation. 

The  different  species  of  astms  will  afford  us  an  illustration  of 
the  variety  of  situations  in  which  the  insect  tribe  deposit  their 
ova;  in  which  they  are  universally  directed  by  an  mstinct  to 
ensure  a  suitable  temperature,  and  appropriate  nutriment  for  the 
yoiing  brood;  thus  the  astrus  h<Emorrhuidalis  deposits  them  in 
the  rectum  of  the  horse,  and  the  .£.  ovis  in  the  frontal  sinus  of 
£heep,  &c. 

•   VVteUm,  derived  h  vU&,  because  it  contains  the  embijon. 

f  Then  ue  aim  other  umnala  that  acceUiue  the  evdulion  o!  thdr  ov^  by  inoita- 
don.  Thu«  bee>  in  a  hi«e  genente  a  eanGiderable  quantity  of  heat  without  which  ibdr 
tfgfi  vonhl  pcriah  j  and  the  leiliidp  laydat,  or  comnioo  turtla,  depcwtt  her  ^gs  in  lie 
Mod,  «ad  inmbatea  duiieg  ibe  night. 
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The  parts  of  which  the  perfect  e^  consists  are  :  1.  ViteUus, 
or  yelk,  with  its  capsule  and  cicatricula ;  2.  Albumina,  with  their 
proper  membranes;  3.  Ckalazce:  4,  Folticulm  aeris ;  5.  Com- 
mon membranes:  6.  Exterior  involucrum,  or  skell:  to  each  of 
which  I  shall  successively  direct  my  attention. 

The  viteltus,  or  yelk,  is  the  part  formed  in  viteltario,  and  is  » 
yellow  fluid  contained  in  a  membranous  capsule,  on  which  a 
greyish-white  circular  disk  is  discernible  ;*  this  is  named  cicatrix 
cttla,  and  is  the  speck  of  entity,  the  germ  that  is  to  be  developed 
into  the  animal.  "  In  hiijits  graliam,"  says  Malpighi,  "  reltqua 
comproducta  videntur."  We  have  here  then  amved  at  the  ear- 
liest stage  in  which  we  can  detect  the  existence  of  the  embryon. 
Our  imperfect  faculties  will  not  enable  us  to  ascend  further,  and 
yet,  even  now,  the  body  is  formed  as  the  experiments  and  obser- 
vations of  MaipighiandBufFon  most  satisfactorily  testify.  The  yelk 
is  surrounded  by  a  more  tenacious  fluid,  of  a  hgnt-atraw  colour,  to 
which  the  name  albumen,  or  more  commonly  the  while,  has  been 
assigned  ;  this  may  easily  be  divided  into  two  separate  and  dis- 
tinct portions,  each  of  which  is  contained  in  a  concentric 
membrane.  Thej'  differ  from  each  other  considerably  in  specific 
gravity,  and  seem  to  answer  different  purposes  in  the  economy 
of  the  egg  :  the  consistence  of  that  which  is  exterior  is  far  less 
than  the  one  which  immediately  envelops  the  yelk,  and  is  con- 
sumed in  the  earlier  periods  of  incubation ;+  while  the  internal 
and  more  viscid  albumen  seems  reserved  for  the  latter  stages, 
when  the  chick  must  require  a  greater  proportion  of  generative 
matter  than  at  any  other  period  of  its  evolution. 

Many  of  the  ancient  philosophers  imagined  that  the  chick  was 
formed  out  of  the  yelk,  and  tnat  the  white  afforded  nutriment. 
Such  a  theory,  however,  must  be  at  once  abandoned,  when  it  is 
known  that  the  vilellus  sutlers  no  other  change  by  incubation 
than  a  degree  of  liquefaction,  and  that  it  is  drawn  up  into  the 
small  intestines  of  the  animal,  J  by  means  of  an  appropriate  duct  S- 
{dnctis  steno/iis)  just  before  its  exclusion.    It  is  then  evident  thaj, 

*  Fabridus  iu;ppi>sed  it  to  be  a  vestige  of  the  ruptured  pcdunculiii,  or  that  portion 
otmembnne  by  which  eachrelX  is  connected  to  the  T/ileOariurat  and  jEmilius  Pari&a. 
nni  contends  that  it  is  the  semen  of  the  male. 

*  There  is  a  conddecable  diiiereDce  discoverable  in  the  milkof  nunmiiferous  animals 
at  different  peiioda  subsequent  to  ptutuiidon.  Fouicro;  awertained  di*t  it  is  moA 
doiged  with  calcareous  phosphates  immediately  after  parturition,  and  that  the  propor- 
tiiMi  of  them  gradually  diminUheB. 

t  The  vitdius  appears  to  be  consumed  in  the  first  10  daya  aAei  (he  animal  ii 
J«died.— Monro. 

,  S  Mr.  Maeartnn  observes,  that  the  duct  by  wMdi  the  yelk  eoniniuiiicateii  with  the 
"tMme  of  the  dack  does  not  become  entirely  obliterated,  but  leaves  a  small  sac,  which 
^^ouu  duiing  the  life  oT  the  animal.  In  the  snipe,  this  append^  is  of  consideraUe 
™U<  and  on  examining  iti  internal  structure,  we  shall  findlhat  itis  lined  with  akind 
« ■BiBout  coot,  and  that  it  has  numerous  folds,  or  projectiiHiB,  iriiich  indicate  diat  it 
f^'tsKt  B  glandular  stmcture,  exhibiting  a  curious  example  of  the  economy  oF  nature 
■n  adapting  an  oreon  of  ftrlal  life  to  the  exerdse  of  a  particolar  function  in  the  full 
grownbinC  -   ■ 
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the  albuminous  portions  *  furnish  iiiatena.l3  for  its  evolution, 
while  the  vileUvs  is  designed  to  administer  support,  until  its 
digestive  organs  can  eaio  sofficieTit  powers  to  perform  tbeir 
fiinctions,  ami  the  beak  a  degree  of  firmness  adequate  to  vriUi- 
Etand  the  hardness  of  its  natural  food.  "  Ipaum  animal,"  says 
PHny,  "  ex  ^tlbo  tiqtiore  ovi  corporalur,  cibus  ejus  ia  luteo  est," 
The  albumina,  however,  besides  the  office  Uius  ass^ned  to  tiieBi, 
'discharge  another  important  duty,  that  of  retaaaiog  by  tbeir 
non-conducting  powers  the  vital  temperature  of  the  cicatricuia ; 
the  viteilas  also  would  seem  to  answer  some  other  parpose,  or 
vhy  should  it  be  necessary  to  those  birds -t*  Tvhose  parents  so 
«edulousiy  supply  thera  with  nonrishtoent? 

At  each  end  of  th«  egg,  a  white,  shining,  semipellncid  body 
is  inserted  into  the  capsule  of  the  y^lk,  which  extends  into  the 
■albumen  in  which  it  floats.  These  bodies,  from  their  supposed 
?eseiiiblauce  to  hail,  have  gained  the  name  of  ckalaia,  or  graft- 
dines,  and,  from  having  b^a  formerly  regarded  as  the  sperm  of 
-the  lasiSte  bird,  that  ofhvddles.  Bellini;]:  supposes  that  diey  tat 
composed  of  Hsmerous  canals,  which  open  into  the  amnioe,  oc 
dcatricula,  and  send  out  their  roots  into  the  white  for  the  purpose 
of  forming  a  communication  between  them.  Dr.  IVIonro,^  how- 
ever, observes,  that  "  if  they  be  canals,  they  cannot  have  tlie 
■least  communication  with  the  cavity  in  which  tlie  chick  residEE 
St  any  time,  or  in  any  state  of  the  egg,  othenvise  than  as  ih*j 
■are  both  adhering  to  the  membrane  ot'  the  vitethts,  upon  whidi, 
or  within  which,  no  particular  fibres,  no  canals,  are  strrtched  to 
the  cicatricuia."  "  The  chalaxa:,"  says  Harvey,  "  appear  to  be 
tlie  poles  of  the  microcosm,  and  serve  to  connect  the  diffei^nt 
-parts  of  the  egg,  and  to  retain  them  in  their  due  position.  Li 
addition  to  such  an  office,  Derham  ingeniously  conjectuies 
that,  as  they  divide  the  yelk  into  two  distinct  and  unequd 
hemispheres,  they  must  preserve  the  cicatricuia  (let  t^  positioa 
of  the  egg  be  what  it  may)  in  the  same  situation  ;  for  since  t^ 
chalaatc  are  specifically  tighter  than  the  white,  the  yelk  is  kept 
buoyant,  and  the  cicatricuia,  as  it  resides  in  the  smaller  hemi- 
sphere, will  be  always  uppermost :  this,  in  my  (^inioa,  k  the 
true  theory  cf  the  use  of  the  cfto/ojifl;,-  for  sudi  a  structure  wifl 
Bot  only  preserve  the  dcatricula  from  the  dangers  of  concussion, 
but  by  regulating  it«  distance  from  the  source  of  beat,  it  w^ 
ensure  for  it  a  more  completely  uniform  temperature  than  could 
.otherwise  happen,  and  which  is  so  essential  to  the  evolution  of 

■  The  bgenioui  esfKouieatB  of  Mc  Haxlieu  Mem  to  thow  that  aUtmtai  i*  lb 
fmsat  fluid  itcta  whkh  ether  SDinial  ptinciples  nuf  be  derived  i  ha  ttsta^ini^  fiHwd 
thU  it  Vw  c<mv«ruble  integelalitu:  aaijibrine, 

■f  Pigeena,  Ua  expmple,  .wtuue  aopt  Jaha  UimleT  ascertained  to  «enele  »  fecaSu 
fluid  Junng  the  brHding  aeaaeo  tor  the  wstenuiDe  of  their  young. 

^-  BeUini  de  Uotu  Cmdii,  prop.  ii. 

g  Monro.    See  his  works  pabbahed  bj  hia  son,  EdiD.  1781. 
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the  wiimfil,  theit  the  smallest  irregularity  oyer:tlitows  the  nioe 
balance  of  the  differeatactioaa  thatare  to  mature  it,, and  produces 
fiE^al  eETects.  So  aalioitQus,  therefore,  was  Nature  to  rescue  the 
gean  froia  the  conaequencea  of  cold,  that  she  hus  ordained  othei 
provisions,  which  seem  as  effective  as  the  cheiax^,  for  the  preser- 
vation of  a  due  temperature.  Thus  b  the  cicalricula  on  all  gid«8 
Burrounded  by  Buid^  which  are  extremely  feeble  conductors  of 
heat ;  these  must  necessarily  retard  the  escape  of  caloric,  and 
prevent  the  otherwise  destructive  chilU  which  tjie  occastooal 
absence  of  the  parent  might  induce.  The  eggs  of  other  aiiim^ 
appear  to  be  protected  by  an  analogous  apparatus.  Thus  the 
ova  of  frogs,  and  some  other  amphibia,  are  enveloped  in  spheres 
of  mucilage)  which  the  experiments  of  Spallanzani  show  to  be 
essential,  as  he  found  that  when  tliis  gluten  was  removed,  the 
egg  immedtcttsly  perished."*  It  is  certainly  true  that  those  tishes 
who  retam  their  vitality  long  after  their  removal  from  the  water, 
as  eel  and  teucb,  have  the  power  .of  secreting  a  stimy  fluid> 
with  which  they  envelope  their  bodies  ;  while,  un  the  contrary, 
those  who,  when  drawn  on  shore,  quicklydie,  as,  for  iustance> 
mackerel,  possess  no  such  faculty,  or.  at  least,  only  in  a  small 
degree.  Is  it  not,  therefore,  extremely  probable,  that  this  albur 
minous  matter,  by  repressing  evaporation,  and  preventing,  hke 
the  fhiids  of  the  egg,  the  escape  of  heat  by  its  nonconducting 
nature,  is  the  principal  cause  of  this  pei^uliar  tenacity  .of  life; 
perhaps  a  prodigious  accumulation  of  fat  may  also,  under  cer- 
tain circumstances,  have  a  share  in  producing  this  e^'ect ;  the 
silurus  glanls,  which  is  the  fattest  of  all  fresh  water  fishes,  for  it 
grows  to  the  weight  of  300  lb.  lives  veny  long  after  being'  taken 
out  of  the  water.  . 

Besides  fishes,  there  are  other  aaimals  who  protect  themselves 
IroQi  an  excess  of  heat,  or  cold,  by  ejecting  fluids  from  the  siw 
jace  of  their  bodies.  The  common  snail  is  indebted  to  its  profu- 
•HOn  of  slime  for  its  power  of  resisting  c(^d.  The  fable  of  the 
salamander  being  indestructible  by  file,  owes  its  origin  to  the 
faculty  which  this  animal  possesses  <k  dkcharging  from  the 
numerous  pores  which  are  scattered  over  the  surface  of  its  body, 
a  milky  fluid,  by  which  it  defends  itself  for  a  short  time  against 
the  fury  of  the  flames.  There  is  an  account  in  the  Plji!.  Trans, 
of  a  knight,  at  Rome,  who  casta  salamander  in  the  fire,  which  it 
put  out  twice,  and  lived  nine  months  afterwards  ! 

The  hen  bird  seems  instinctively  conscious  of  the  mischief 
that  would  acccue  from  an  irregular  or  dimiai^ed  temperature- 
She  is  often  seen  to  make  use  of  her  bill  to  push  to  the  outer 
part  of  the  nest  those  eggs  tliat  were  nearest  the  middle,  and  to 
bring  into  tbenaiddle  such  as  lay  nearest  the  sides.     The  Egyp- 
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tians,  however,  by  a  nice  adjustment  of  their  ovens,  or  mamab*  as 
they  are  called,  succeed  in  hatching  a  great  -proportioD  of  the 
eggs  entrusted  to  their  care  by  artificial  heat.  The  celel»ated 
Reaumur  introduced  the  method  into  France;  and  Sir  James 
Hall  invented  a  regulating  stove  by  which  an  equable  tempera- 
ture might  be  easily  procured  for  the  same  purpose.  During  the 
period  that  I  was  at  college,  the  late  Sir  Busick  Harwood,  the 
ingenious  Professor  of  Anatomy  in  the  University  of  Cambridge, 
frequently  attempted  to  develope  the  egg  by  the  heat  of  his  hot- 
bedi  but  he  only  raised  monsters,  aresult  which  he  attributed 
to  the  unsteady  application  of  heat-f  It  must,  however,  he 
observed,  that  deviations  from  the  correct  temperature  are  inju- 
rious and  fatal  only  in  proportion  to  the  grade  of  vital  energy 
which  the  ovular  embryon  possesses.  Thus  we  learn,  from  the 
experiments  of  Spallanzani,|  that  the  eggs  of  insects  are  better 
able  to  sustain  the  vicissitudeij  of  temperature  than  those  induced 
with  more  exalted  vitality.  Thus  it  is  that  the  eggs  of  cold- 
Blooded  animals  bear  with  impunity  such  an  increase  or  decrease 
of  temperature  as  is  sufficient  to  destroy  the  animals  themselves; 
for  Spallauzani  found  tadjyoies  and  frogs  perished  at  110°,  but 
their  eggs  only  at  133", 

If  we  pursue  this  inquiry,  and  quitting  the  animal  kingdom 
descend  into  the  scale  of  vegetable  existence,  where  the  energies 
of  vitality  are  still  more  feeble  and  obscure,  we  shall  find  tbi 
same  relative  power  of  sustaining  heat  or  cold  between  the  plant 
and  the  seed,  as  I  have  stated  to  exist  between  the  animal  and 

With  respect  to  the  relative  destructive  influence  of  vicissi- 
tude of  temperature  upon  the  egg  of  birds  in  diiFerent  stages  of 
developement,  it  would  appear,  from  the  interesting  experiments 
of  Reaumur,  that  it  is  more  destructive  in  the  eailier  stages  of 
incubation,  especially  diminution  of  temperature,  but  that 
■  increased  heat  is  more  injurious  in  the  advanced  states  of  deve* 
lopement. 

-  After  having  related  the  agencies  of  heat  and  cold,  I  may 
mention  that  light  has  also  been  found  by  Michelotti,^  ofTiuiQ, 

■  The  bhabitsiits  at  the  single  village  Berme,  situated  in  the  Delta,  about  !0 
letgute  ftom  Cairo,  among  whom  this  art  ii  alone  practised,  give  life  bj  means  of  Ibdi 
Viamah  to  two>-Chird>  of  the  i^gs  entrusted  to  their  care,  amounting  in  one  season,  whidi 
continues  but  for  six  months,  la  the  astonishing  sum  total  of  9'^,G<HI,000.  ComBlle  U 
Brayn,  torn.  ii.  has  collected  the  observations  i^many  travellers  on  this  subject.  Fallis 
Sichatd  aim  gives  us  an  interesting  account  of  ^e  same  art;  and  Reaumur  baa pub- 
liabed  a  very  complete  ivork,  illustrated  with  numerous  engravings. 

-f-  The  andents  were  acquainted  with  the  posiibilitj  of  hatching  ^gs  artifiusSy. 
PHny  (lib.  X .  cap.  56)  says,  that  t^p  laid  upon  beds  of  straw  in  a  warm  place,  •>><! 
■Aet  being  reg\Jarly  turned  horn  time  to  time,  woulil,  at  the  proper  period,  diiclMB  tbi 
included  animaL  Fliny  mareover  statei,  that  IJviahaldicd  a  diieken  by  the  «anndi  of 
hn  boaom.  Oemec  ai^  Aldrovandua  have  coUected  the  passages  of  the  aodenti,  ukI 
those  of  the  authon  i^theii  ovn  time,  that  mention  the  method  of  hatdiing  %gt  bj  duDg. 

X  Spailantani.    Tracta  <hi  the  Nature  of  Aniiliala  and  V^ctdblc*. 
'     §  Joutma  de  Fbjnqna,  Vmhok,  An.  ix. 
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to  exert  a  decided  iofiueDce  on  the  ova  of  anioaals  ;  he  placed 
the  e^s  of  ditTerent  species  oi  phalana  in  transparent  and 
opaque  jars,  wheo  be  uniformly  found  that  those  in  the  black  jars 
iwere  first  hatched ;  he,  therefore,  concludes  that  light  is  preju- 
dicial to  the  developement  of  the  egg :  thus  ne  find,  says  he, 
that  the  eggs  of  many  birds  are  furnished  with  au  opaque  shell, 
as  those  of  birds,  and  that  if  it  be  delicate,  the  parent  deposits 
them  in  dark  and  concealed  places."  Before  any  conclusion  can 
be  legitimately  deduced  from  the  experiments  of  Michelotti,  it 
ought  to  be  shown  that  the  temperature  in  both  jarft  was  the 
same ;  for  unless  this  were  established  by  actual  experiment, 
we  might  be  inclined  to  draw  an  opposite  inference  from  the 
different  radiating  powers  of  black,  and  white  surfaces. 

{Tabe  conlittued.) 


On  the  Expansion  of  the  Functions  f(x),  f.(x,y),f(x,y,x),  Ifc. 
By  Mr.  James  Adams. 

(To  the  Editor  of  the  Annals  of  Philosophif.) 
SIR,  Stone/uniie,  near  Plymmth,  March  S,  1881. 

Th  e  usual  method  of  expanding  the  functions/  {x),  f  (x,  y), 
fix,y,a),f{x,y,z,  v),  &c.  being  from  their  nature  very  trouble- 
some, I  beg  to  recommend  the  following,  which,  I  trust,  will  be 
found  more  convenient  and  expeditious ;  the  insertion  of  which 
in  the  Atmah  of  Philosophy  will  oblige,  Sir, 

Your  humble  servant, 

James  Avahs. 


Problem  1. — It  is  reqiiired  to  develope/  (i),  or  any  function 
of  j:. 

Let/(i)  =  M ;  then  place  the  symbols  d,  (?,  d*,  See.  succes- 
sively before  the  character  o  ;  likewise  the  symhols  d  and  A 
successively  before  the  assumed  series  x  +  x^  +  x^  +  x*  +  &c. 
together  witii  the  corresponding  numerical  coefficients  in  the 
following  manner : 


have/ (x  +  Ax)  =  u+  j-j-  A  j  +  r— 
A  X*  +  8tc. 
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Hence  we  obtain  y(j-  +  Ai,  y  +  Ay,  r  +  Aa:)  =  «  +  A 
+  B  +  C  +  D  +  &c. 

In  like  manner,  we  may  expand  the  functiony(j;,  w,  z,  v),  for 
the  qeverat  combinatioDs  of  the  variables  absti^cting  uie  numeral 
coefficients  are  as  follow: 
(x  +  y  +  a;+«)  =  x+y-i-a;  +  v 
(i+y  +  i+t')'=x^  +  xy  +  XJt;+_y*  +  Ji)+ya;  +  a;*+yi» 

+  a  tJ  +  v' 
(j;  +  y  +  a;  4-  «)'  =  Jr=  +  j;  y'  +  »  »'  +  X  «'  +  y'  +  y  jr^  4- 

y  z*  +  y  v'  +  x'  +  &c.  to  20  terms, 
(j:  +  y  +  a  +  uy  =  x'  +  JT  y  +  j;  1=  +  j: «'  +  y'  +  y  ic'  + 

y  a*  +  y  B*  +  x*  +  2tc.  to  36  terms- 
&c 

By  prefixing  the  symbols  A,  d,  d*,  rf',  &c.  before  the  variables, 
X,  y,  z,  V,  aiid  m,  as  iu  the  preceding  problems,  we  readily  obtain 
the  expansion  of^'  {x,  y,  z,  v),  and  so  on  for  a  greater  number  of 
variables. 

In  the  foregoing  expansions,  it  wilt  be  observed  that  the  index 
of  the  symbol  d  placed  before  u  is  equal  to  the  sum  of  the  indices 
iu  the  several  combinations  of  the  variables,  the  symbols  d  and 
A  are  simply  placed  before  the  variables  and  their  powers,*  and 
the  numeral  coefficients  in  the  denominators  are  also  governed 
by  the  indices  of  the  variables.     Thus  the  differential  coefficient 

of  :i"  y  «•  »ill  be  found  to  be  ^,  .^„  ,,J,"",'s'"l'^  .i,..'^ 
and  the  differential  coefficient  of  x'  y"  x',  or  of  u,  will  be 

.<■■»...,)  (1. a. ..''Iiu"i'-...,,i.-.jy.d-'  "  g"««>.f<>'»  f" 
three  variables,  which  may  be  extended  at  ^pleasure.— (See 
Woodhouse's  "  Analytical  Calculations,"  p.  86. 

The  differetttial  of^a  function  being  the  second  term  of  its 
deveiopement,  or  that  part  of  the  expansion  of  a  function  which 
contains  the  first  powers  only  of  the  increments  d  x,  d  y,  d  z, 
Sac.  It  will  be  perceived  that  the  differential  o(f{x)  consists  of 
one  terai  of /"(jt,  y)  of  two  terms,  of  f(x,  y,  %)  of  three  terms, 
&c.  Therefore  by  changing  A  x  into  d  x,  A  y  into  d  y,  A  z  into 
d  z.  Sec.  we  have 

df(_x)=  du  =  i^dx,df(x.y)  =  du  =  il  dx  +  ^dy, 
dfix.y,  z)  =  du^'£dx  +  ildy  +  p^dz,S^. 
J-  d  X,  J-  d  y,  E(c.  are  called  partial  differentials,  and 
J- ,  -;-,  -T-,  Slc.  are  called  differential  coefficients. 
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Observations  on  Dr.   Prout's  Estimate  o/"  Mortality  from  the 
Operation  of  Lithotomy.    By  Johii  Yelloly,  MD.  FRS.  8to. 

(To  the  Editor  of  the  Annals  of  Philosophy.) 

DEAR  SIR,  CoTTOvAibey,  fTorvich,  MarcA  30,  l»2t. 

I  BEG  to  notice,  through  tlie  Annalt  of  PkHosophu,  an  inac- 
curacy into  which  Dr.  Prout  has  inadvertently  fallen,  in  the 
statement  which  he  has  given,  in  hia  valuable  work  on  the 
Diseases  of  the  Urine,*  of  the  mortality  occurring  in  the  opera- 
tion of  lithotomy,  in  the  Norfolk  and  Norwich  Hospital ;  and  in 
the  deduction  which  he  has  made,  as  to  the  mean  ratio  of  morta- 
lity from  that  operation,  over  the  whole  kingdom. 

Dr.  Prout  quotes  Dr.  Marcet's  published  account  of  the  cases 
which  occurred  in  the  Norfolk  and  Norwich  Hospital  up  to 
1816,t  and  infers,  that  as  the  mortality  which  took  place  inmdi- 
viduals  below  puberty,  was  1  in  18,  while  that  in  adults,  was  1  in 
4^,  the  mortality  of'^the  whole  must  be  1  in  ll^-j  or  the  mean 
between  the  two  proportions. 

It  is  obvious,  nowever,  that  this  calculation  could  only  be 
correct,  if  the  number  of  deaths  at  those  two  respective  periods 
were  equal ;  but  as  this  is  not  the  case,  the  mean  ratio  can  only 
l^e  obtained,  by  dividing  the  whole  number  of  cases,  by  the  whole 
number  of  deaths,  which  Dr.  Marcet  does,  and  thus  gives  the 
mortality  as  1  in  7^,  the  deaths  being  70  in  506  cases. 

Taking  this  as  the  accurate  proportion  of  deaths  in  the  Norfolk 
and  Norwich  Hospital,  up  to  the  year  1816,  (which,  from  my 
own  inspection  I  can  state  to  be  the  case,)  the  proportional  mor- 
tality, from  the  operation  ofhthotomy  in  the  whole  kingdom,  as 
inferred  by  Dr.  Prout,  from  the  mean  of  that  in  the  Bristol, 
Leeds,  and  Norwich  Hospitals,  will  be  about  I  in  6^,  instead  of 
1  in  TJ,  which  he  states  it  to  be. 

I  remain,  dear  Sir,  yours  sincerely, 

J.  Yelloly. 

*  PageSIS.  -f-  Mucet  on  Calculous  Disorders,  p.  S6. 
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ANNUAL  RESULTS. 
Barometer. 

Greatest  pressure  of  the  atmosphere,  Jan.  9.  Wind  E.  -  30'72 
Least  pressure  of  the  atmosphere,  Oct.  22.     Wind  W. . .  28-40 

Mean  range  of  the  mercury 2-32 

Annual  mean  pressure  of  the  atmosphere 29*873 

Mean  pressure  for  180  days,  with  the  moon  in  S.  decli- 
nation   29-897 

Mean  pressure  for  186  days,  with  the  moon  in  N.  decli- 
nation  29-849 

Annual  mean  pressure  at  eight  o'clock,  a.  m 29'887 

at  two  o'clock,  p.  m 29-882 

at  eight  o'clock,  p.  m 29-882 

Greatest  range  of  the  mercury  in  October 2- 190 

Least  ditto,  ditto,  in  August 0-780 

Greatest  annual  variation  in  24  hours  in  October 0-980 

Least  of  the  greatest  variations  in  24  hours  iu  June  ....  0'360 
Spaces  described  by  the  oscillations  of  the  mercury . . ..  71-650 
Number  of  changes,   caused  by  the    variations  in  the 

weight  of  the  atmospheric  column 271 

Dai/  and  Night  Thermometer. 

Greatest  thermometrical  heat,  June  26.     Wind  W 87-00 

cold,  Jan   15.     WindN.E..  ..  14-00 

Annual  range  of  the  thermometer  between  the  extremes.  73-00 

Annual  mean  temperature  of  the  atmosphere 60-13 

, r- at  8  a.m..  49-00 

at  8  p.m..  48-77 

; ; — at  2  p.m..  56-61 

Greatest  range  in  June 47-00 

Least  of  the  greatest  ranges  in  October 25-00 

Annual  mean  range 34-00 

Greatest  annual  variation  in  24  hours  in  June 30-00 

Least  of  tlie  greatest  variations  in  24  hours  in  December  14-00 

J)e  Luc's  Whalebone  Hygrometer. 

Greatest  humidity  of  the  atmosphere,  15  times lDO-0 

Greatest  dryness  of  ditto  on  July  1  and  25 33-0 

Annual  range  of  the  index  between  the  extremes 67-0 

Annual  mean  of  the  hygrometer  at  8  a.  m 67-9 

« atSp.m 71-7 
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Annual  mean  of  the  kygrometer  at  2  p.  m 58-4 

at  8, 2,  and  8  o'clock. .  . .  65-9 

Greatest  mean  humidity  of  ihe  atmosphere  in  January  . ,  81:1 

Greatest  mean  dryness  of  the  atmosphere  in  June 51*3 

Position  of  the  Wi/tds. 

Dtft. 

From  North  to  North-east 36J- 

North-east  to  East ■ 38^ 

East  to  South-east 54 

South-east  to  South ■ 26 

South  to  South-west 36 

Soutli-west  to  West   51 

West  to  North-west. 71.f 

North-west  to  North , 53 


Clouds  agreeallt/  to  the  Nomenclature  ;  or  Ike  Namfter  of  Dai/s 
on  which  each  Modification  has  appeared. 

Days.   ■ 

Cirrus ...208 

Cirrocumutus 199 

Cirrostratus  283 

Stratus , 60 

Cumulus 186 

Cumulostratus  188 

Nimbus ." 170 

General  State  of  the  Weather. 

A  transparent  atmosphere,  without  clouds 32 

Fair,  with  various  modifications  of  cloud 169^ 

An  overcast  sky,  without  rain 76  ■ 

Fog 64. 

Rain,  hail,  sleet,  and  snow 83 

366* 
Atmospheric  Phenomena. 

Xiunbn. 
Anthelion,  or  mock-sun,  diametrically  opposite  to  tlie  real 

San 1 

Parhelia,  or  mock-suns , . . ,     34 

Paraselense,  ot  mock-moons 10 

Sdarhalos 39 

Xunar  halos^ 24 

Kainbows,  perfect 14 

■     uiriieobyGoOglc 
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■  I  Nianb«. 

Small  meteors,  or  shooting  stars ^... 131 

Lightning,  d^s  on  which  it  occurred 14- 

Thuuder,  days  OQ  which  it  occurred 6 

Evaporation. 

Grettest  quantity  in  June   4'30 

Least  quantity  in  January  ,.,,,,.,. 0"35 

Toliil  amount  for  the  year  , 29-36 

Raiu,  Sfc, 

.  Ghreatest  quantity  in  October 4-10 

Least  quantity  in.  March 0'46 

Total  amount  for  the  yeax  , 26'75 

N.B.  The  barometer  is  hung  up  in  the  Observatory,  about  30 
feet  abore  high-water  mark ;  and  the  Self-reeiBtering  Horizontid 
Uay  and  Night  Thermometer,  and  De  Luc's  Whalebone  Hygro- 
meter, are  placed  in  open-worked  cases,  in  a  northern  aspect, 
out  of  the  Sun's  rays,  and  10  feet  above  the  garden  ground. 
The  pluviameter  and  evaporator  have  respectively  the  same 
square  area  :  the  former  is  emptied  every  morning  at  8,  a.m.  after 
a  precipitation  of  rain,  into  a  cjUndricai  glass  guage  accurately 
graduated  to  1-lOOthofan  inch;  and  the  quantity  lost  by  evapo- 
ration from  the  latter,  is  ascertained  at  least  every  third  day, 
and  sometimes  oftener,  when  strong  evaporations  happen  by 
means  of  ahigh  temperature  andvery  dry  winds. 

Of  the  Pressure. — ^The  barometrical  or  mercurial  column  iu 
the  course  of  the  year  has  shown  a  great  elevation,  and  an  unu- 
sual depression ;  the  former  occurred  in  January,  the  latter  in 
October,  making  its  range  about  2^  inches.  The  mean  ptewure 
is  l-125th  of  an  inch  leas  than  it  was  in  either  of  the  two  preced- 
ing, years;  hut  the  average  of  all  the  monthly  ranges  3^  inches 
(greater.  .  The  jiumber  of  changes  is  nine  less  than  in  1819,  but 
it  exactly  agrees  .with  that  of  1818.  For  180  days,  while  the 
moon  was  in  south  declination,  the  barometrical  mean  is  about. 
l-20lh  of  an  inch  higher  than  in  the  186  days  of  her  north 
declination.  Last  year  the  barometrical  mean,  or  mean  pres- 
sure, was  greater  while  she  was  in  north  declination,  than  while 
she  ranged  in  south  declination,  by  l-i7th  of  an  inch.  This 
showsnearlyfut  equal  prsssureof  the  incumbent  atmosphere  for 
her  north  and  south  deoUnation  during  the  last  26  lunations,  and 
has  hut  little  tendency  to  establish  "  the  periodicity  of^atmo* 
spherical  -chaiiges,"  said  to  beinfiuenced  by  the '  moon  *n  the 
di&rent  partft  of  her  complex  -orbit,'  unless-  tbe-mean  resait* 
should  ha{^>eti  to  come  out -more  favouraUy  to  the  bypodiesia, 
,L~.00'^lc 
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hy  Dcrafiningttie  mean  barometiical  pressBretop&rtioularphapes 
of  the  moon,  which  we  have  not  now  time  to  investigate.  'Dx^ 
aggregate  of  th«  spaces  described  b^  the  curve  was  greatest  in 
January,  and  least'  in  July.  The  avera^ea  of  all  the  observations 
at  eight,  two,  and  eight  o'clock  every  day,  preoiselv  ^ree  with 
each  otber^  and  are  1-lOOth  of  an  mcb  less  than  tnose.  of  th» 
preceding  year. 

Temperature. — The  mean  temperature  of  this  year  is  nearly  2' 
less  than  in  181S,  2^°le9stban  in  1818,  and  0-41  of  adegree  lesB 
than  in  1817  ;  but  about  l^^"  higher  than  it  was  in  the  ungenial 
year  1816.  The  nioitmum  of  the  two  preceding  years  has  fallen 
off,  and  the  minimum  this  year  is  considerably  lower  than  at  any 
tiBae  since  February,  1816^  The  mean  heights  of  the  thermo- 
meter at  eight,  a.  m.  and  eight,  p.m.  correspond  within  one- 
fourth  of  a  degree,  and  also  with  the  annual  mean  temperature 
within  l^°as  usual ;  but  the  mean  at  two,  p.m.  is  nearly  4°  less 
than  that  at  the  same  hour  jn  the  warm  year  1818.  Although' 
the  sun  arrives  at  his  greatest  north  declination  at  the  summer 
solstice,  when  his  meridional  rays  in  this  latitude  are  inclined  to 
tbe  earthcat  an  angla  of  about  62°  40',  and  have  a.  powerful  efiect 
upon  a  thermometer  exposed  to  them  under  a  cleur  sky ;  yet  &■ 
month  is  generally  taken  up  in  the  exhalement  of  the  earth's 
moisture  to  a  certain  depth,  before  we  experienceexperimMitaliy 
ihe  greatest  tnonlirfy  mean  temperatufe ;  becanse  the  earth  and 
lur  do  not  receive  their  Taaximnm  heat  till  the  latter  part  of  July. 
At  the  winter  solatice>  the  sun  has  his  greatest  soath  declination, 
when  his  rays  are  incUned  to  us  at  an  angle  of  about  15°  44', 
and  have  then  the  least  power  upon  the  thenooroetef ;  yet  we  do 
not  experience  the-  lowest  montnly  meaft  temperature  till  Janu- 
ary; because  the  ear^  has  not  wholly  parted  wiUi  the  heat  it' 
obtaified  in  the  summer  till  the  middle  of  thismoi^.  An  excep- 
tion tti  these  general  rules,  however,  does  sometimes  occur  at  tbfr 
retrogression  of  the  seasons,  arising  fromuHtimely  weather. 

De  Luc's  Whalebone  Hygrometer. — ^Tbe  meanharajdity  ofthe 
air  near  the  ground,  as  ascertained  by  three  observations  each- 
day  at  eight,  two,  and  eight  o'clock,  appears  to  be  1°  (within. 
I^-IOO)  drierthanthewarm  year  1818  !  This  appears  incongruous . 
at  first  sight';  but  as  the  amount  of  rain  and  of  evaporation  ia 
much  less  this  year,  the  ascent  of  vapours  must  nave  been 
slower  and  in  leas  quantities,  and  consequently  the  lower  stratvKf 
of  air  drier  upon  the  hygrometric-  substauee  of  th<e  instmment: 
The  mean  at  eight,  a.m.  for  the  last  three  years,  is  71*16";  and- 
the  mean  at  eight,  p.  m.  72'8S°. 

Prevailing  Wxnih. — In  the  table  containing  a  scale  of  the- 
winda,  or  the  namber  of  days  on  which  they  have  prevailed,  we 
see  that  they  ha're  blown  more  uniformly  round  the  points  of  the 
cerapass  this  year  than  in  the  years  1818  and  1819.  The  winds 
te  the  west'of  the  meridian  have,  however,  prevailed  longer  than 
those  on  the  eastern  sidcjby  about  one-flixth-of  the  vholeyear; 

New  Series,  vol.i.  2  a  ^  GooqIc 


370  I}r,BMTnty'sMettorQl^calJounalheplatGQtp()rt.  [May, 
and  those  to.  the  Vf  and  3W  mot^  than  the  ooe-third  of  the 
period,  which  we.believe  to  be  geaerally  the  c:^  in  the  &Quthei]B 
part  of  Enghuid.  The  winds  bora  £  wd  NW  are  neariy  equal 
m  their  duration  ;,  and  those  from  S]&  prevail  a  leas  time  wan 
any  other.  The  ^£  and  E  winds  prevail  mostly  in  the  winter 
months,  and  the  westerly,  winds  intlie  sujamer.  The  uncoismcMi 
vicissitudes  of  weather,  and  anomalies  of  the  seasgns,  chiefly 
depend  upon  llie  preraJence  of  Mutiotdar  winds,  which  long 
experience  has  taueht  us.  fXal  ture  is  some  imifonnity  in  the 
duration  and  distrihutioa  of  tb^  winds  round  the  compass  in  a 
series  of  years  is  demonstrated  1^  the  foregoing  proximate  scale. 
By  a  strict  attention  to  the  motions  of  the  modifications  of  cloud, 
we  have  heea  recently  enabled  to  detect  more  frequently  the 
simultaneous  existence  of  sevend  currents  of  wind,  BMnetimep 
three,  and  often  two,  crossing  each  other  at  right  angles,  at  other 
times  nearly  in  opposite  directions.  We  have  observed  that  the 
upper  currents  generally  prevail  over,  aad  descend  into  the  region 
of  the  lower  ones  dter  tiiey  have  subsided.  The  nvmbec  of 
strong  gKles  of  wind,  or  the  days  they  have  reapej^vely  pre- 
vailed this  year,  U  as  follows  :  N,  3 ;  NE,  7 ;  E,  8 ;  SE,  2 ;  S,  2 ; 
SW.  19 ;  W,  8  ;  NW,  3 ;  Days,  52. 

C'^uf^.— Some  striking  coincidences  may  also  be  seen  in  the 
table  in  the  number  of  days  on  which  each  modification  has 
appeared  during  the  last  two  years,  the  strtUus,  cumulus,  and 
^imbjis,  differing  moat  in  the  days,  of  their  appearance  ;  and  the 
^t  two  are  less  in  number  than  in  1819,  on  account  of  the  rains 
being  less  frequent.  We  have  nothing  particular  to  offer  respecU 
ing  the  modifications  of  clouds,  only  that  their  assigned  positions 
have  been  sometimes  reversed  iu  changeable  weather,  Some 
remarkable  coincidences  also  appear  in  thai:  part  of  the  table 
under  Weather,  as  in  the  numbetr  of  clear,  fair,  and  rainy  days. 
It  is  necessaiy.to  observe  here,  that  although  we  have  allowed 
only  83  days  for  rain,  yet  a  precipitation  of  rain,  hail,  or  snow, 
has  actually  occurred  150  days  out  of  the  366 ;  but  83  whole 
days  and  nights  is  nearly  the  time  it  has  rained  throughout  the 
year.  A  separation  of  the  time  has  also  been  made  for  the 
appearances  of  other  peculiarities  of  weather.  This  method, 
however,  is  attended  with  trouble  ;  still  we  shall  pursue  it,  as  it 
is  probable  that  some  definite  results  may  be  obtained  Irom  it  at 
a  future  period. 

Atmospheric  Phenomena. — Thunder  and  lightning  have  not  oc- 
curred so  often  this  year  as  the  two  preceding  ones ;  butthe  number 
of  small  meteors,  or  shooting  stars  as  they  are  commonly  called, 
is  greater — of  131,  no  less  than  80  appearedin  August.  On  the 
9th  of  this  month,  between  11  and  12,  p.  m.  36  shot  in  different 
directions,  three  of  them  were  caudatea  while  passing  between 
the  constellations  X-yra  and  Ursa  Major,  their  sparUing  trains 
having  been  led  briUiantly  illuminated  for  several  seconds  of 
tjme  subsequent  to  the  disappearance  of  the  ignited  bodies:  this 
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indeed  was  the  grandest  display  of  meteors  we  ever  remember  tit 
have  seen  in  so  short  a  perjod,  arising  from  the  very  ga^eons  op 
iaflammable  state  of  the'aii'.  The  solar  aud  lunar  halos,  parmt' 
lens,  and  parhelia,  are  peculiar  prognostics,  which  .seldom  fail  to 
indicate  approaching  wet  weather.  The  time  and  appearance  of 
^ese,'  and  other  atmospheric  phenomena,  may  be  seen  particu- 
lariy  described  in  our' daily  remarks  on  the  weather,  already 
published.  The  amount  of  rain  and  of  evaporation  iis  less  this 
year  than  it  has  been  Ibr  some  years  past.  March  was  the 
dmst  month,  and  Augui^t  very  wet  and  windy. 
,  Variation  of  the  Masaetic  Necd/c— Further  observations  qvl 
ihe  diurnal  motion  of  the  magnetic  needle  have  enabled  us  to 
Vleternune  its  recession  from  its  greatest  western  declination. 
In  this  latitude  it  first  began  to  recede,  but  in  e  very  slow  man- 
ner, in  the  middle  of  the  year  1819.  The  mean  westerty  variit- 
tion  here  for  December,  1820,  was  24°  31'  15". 

The  Planet  Verms. — This  brilliant  planet  excited  much  ciiiio- 
sity  among  the  inhabitants  of  this  town  and  neighboui^ood  oo- 
Sept.  19, 1 820,  when  she  was  distinctly  seen  with  the  naked  ey& 
by  people  of  all  ages  assembled  in  the  streets,  8cc.,  from  eighty 
a.  m.  till  she  was  near  the  western  horizon  in  the  afternoon.  She- 
■was  seen  by  us,  without  the  help  of  a  telescope,  ori  the  fbllowinff 
days  this  year:— Sept.  11,  12,  13,  14,  19,  26,  28,  and  30; 
Oct.  2,  3,  5,  6, 7,  8,  15,  17,  19, 20,  24,  and  30 ;  Nov.  2,  7,  15, 
and  28.  On  the  latter  day  she  was  40*  58'  457"  to  the  west  of 
the  Sun's  centre.  In  the  morning  of  October  6,  Venus  was 
46**  15'  15"  to  the  west  of  the  Sun's  centre,  and  on  the  8th. 
following,  46°  25';  the  latter  was  the  greatest  distance  that 
Gould  he  obt^ned  from  a  number  of  sights  taken  with  an  excel- 
lent sextent  this  and  the  preceding  day  ;  consequently  she  was 
then  at  her  greatest  western  elongation.  From  these  and  pre- 
vious observations,  it  is  inferred,  that  this  planet  may  be  seen 
with  the  naked  eye  in  the  open  day,  particularly  when  on  the 
meridian,  in  all  that  part  of  her  orbit  from  42°  gn.eitfaer  sid&of 
the  sun  in  clear  weather.  Should  the  atmosphere  be  de&r  at  the 
dose  of  next  October,  or  the  beginning  of  November,  when  she 
will  be  about  42°  to  the  east  of  the  sun,  no  doubt  she  may  be 
then  seen  witii  the  naked  eye  in  the  open  day,  and  for  Bom« 
weeks  afterwards. 
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Article  VIII. 

Xeteorologicaf  Table,  Extracted  from  the  Register  kept  at 
Kinfauns  Castk,  N.  Britain,  tat.  56*  23'  30".  Abooe 
the  Level  of  the  Sea  \29  feet. 
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An  Account  of  an  Ascent  to  the  Summit  of  Mont  Blartc,  in 
August.  1819.     ByCapt.J.UndreU,  UN. 

(To  the  Editor  of  the  Annals  of  Pkilosojiky.) 

SIB,  LondM,  Itfarch  SS,  ISSI. 

Having  seen  in  your  journal  an  account  of  an  unsuccessM 
e£Fort  to  reach  the  summit  of  Mont  Blanc,  perhaps  you  may  give 
room  for  the  detail  of  a  prior  attempt  attended  with  better  fortune. 
The  letter  I  send  you  is  a  transcript  of  one  written  a  short  time 
after  the  ascent,  and  never,  as  you  will  perceive,  intended  for 
publication ;  but,  as  the  relation  may  excite  some  interest  from 
the  melancholy  event  attending  a  subsequent  failure,  you  may 
deem  it  worth  a  place  in  your  publication,  though  possessing  no 
requisite  for  a  work  sol^  dedicated  to  the  purposes  of  science. 
I  am,  Sir,  your  very  humble  servant, 

J;  UsnRELL. 

DEAR Berme,  ^n^.SQ,  18l9v 

You  may  feel  carioua  to  have  the  detail  of  ray  late  aseent  to 
Mont  Blanc.  I  need  not  remind  you  that  I  had  long  intended 
tDftking  the  attempt,  but  rather  next  year,  upon  my  return  from 
Italy,  than  at  this  period.  In  truth,  when  I  left  Geneva  for 
•Chamonny,  on  the  4th  ult.  the  weather  was  so  unfavourable  that 
I  scarcely  expected  even  to  see  the  summit -of  the  mountain; 
Tind  when  tiie  following  day  at  Sallenche,  I  caught  a  glimpse  of 
it  at  sun-rise,  I  deemed  myself  fortunate,  as  it  became  in  a  few 
minutes  overcast.  In  the  afternoon  I  reached  the  Prieur6,  the 
rain  falling  in  torrents,  and  although  it  cleared  up  a  little  tbe 
"next  morning,  all  the  heights  vrere  still  clond-capt. 

On  the  7th,  from  that  singular  ice-bound  is.e,  called  the 
Jardin,  at  tlie  extremity  of  the  magnificent  glacier  of  Talefre, 
which  branches  to  the  eastward  from  the  upper  part  of  the  Mer 
de  Glace,  I  had  the  first  clear  view  of  the  top  of  Mont  Blanc^ 
which  is  thence  beheld  in  a  most  imposing  form,  rising  so 
abruptly  for  many  thousand  feet,  that  the  snow  cannot  rest  apoB 
its  sides. 

On  the  8th,  the  weather  was  unsettled  ;  and  on  the  9tli,  I  set 
off  for  Martigny,  and  had  proceeded  seven  or  eight  miles  towards 
the  Tete  Noire,  when,  turning  to  take  a  kind  of  fareweU  look  at 
the  mountain,  then  quite  clear,  as  I  was  about  to  enter'a  path, 
which,  from  its  direction,  would  have  concealed  it  altogether;  I 
*H  at  once  determined  to  t^tum,  and  make  an  attempt  the  ensu- 
ing morning.  My  guide,  Josef  Marie  Couttet,  who  h;id  attended 
me  in  every  excHreion,  was  delighted  at  IJiis  resdiution,  and 
quite  confident  that  the  wvather  would  prove  favouraUe  ratn^e 
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of  wluit  seemed  to  me  strongly  to  indicate  the  coatrary.  Th« 
TeBult  justified  his  assumption. 

In  tneae  regions  there  -  is  no  barometer  equal  to  the  local  expe- 
lienceortbe  inhabitants,  which  may  almost  invariably  be  rehed 
on.  From  auguring  differently  of  appearances  on  quitting 
Geneva,  I  had,  as  stated  before,  postponed,  in  idea,  the  attempt 
till  next  year,  and  was  thus  imperfectly  provided  with  instru- 
ments which  cannot  be  got  at  Chamouny.  Old  Dr.  Paccard 
supplied  me  with  all  he  had,  but  I  could  not  procure  any  good 
barometers,  which  I  most  wanted. 

In  addition  to  Couttet,  I  engaged  five  other  guides,*  who  had 
all  accompanied  two  American  gentlemen  a  snort  time  before, 
and  left  the  Prieur6  about  five,  a.m.  on  the  10th.  We  soon 
reached  the  base  of  the  mountain,  and  after  ascending,  about 
an  hour  and  a  half,  through  a  wood  of  firs  and  larches  to  the 
^ast  of  the  Glacier  des  Bossons,  reached  a  little  cottage,  the 
highest  habitation,  where  we  breakfasted.  At  half-past  six,  we 
departed,  the  thermometer  being  then  43°  t;  the  sun  shniing  bright 
upon  the  Dome  du  Goiit^,  and  the  wettem  heights  of  the  vafley 
of  Chamouny,  which  first  receive  his  rays  in  consequence  of  the 
direction  of  the  mountains.  At  twenty  minutes  past  seven,  we 
stopped  at  a  large  stone  called  Pierre  Pointuc,  from  whence  the 
pam  to  the  "  dender  gazon "  is  steep,  winding,  and  difficult, 
liaving  to  the  right  the  deep  ravine  .by  the  side  of  the  Bosson^ 
which  .name  is  now  applied  to  the  whole  extent  of  the  glad^ft 
towards  the  Aiguille  du  Midi  and  the  Montagne  de  la  Cote, 
including  indeed  a  portion  of  what  is  properly  that  of  Taconay. 
■It  was  half-past  eignt  before  we  reached  the  last  land,J  whea 
we  took  a  ladder,  which  is  constantly  kept  there  for  these  excur- 
jMons,  and,  crossing  a.  ravine  covered  with  loose  stpnes  and 
huge  fragments  of  rock,  ascended  the  Bossons,  overwhich  con- 
sealed  mass,  the  more  lofty  adjomiug  glacier,  and  the  snows  above 
uem,  our  future  path  lay.  Our  ^oes  were  fitted  with  the  cram- 
pons used  on  such  expeditions,  without  which  it  would  have  been 
impossible  to  have  held  footing ;  and  we  had  also  long  stave? 

*  ThcK  imc  Pierre  Curiei,  Alexis  Du  Vnuisoui,  Matbicu  Bilmatj',  Eugene 
Couttet,  cousin,  and  Dsvid  Couttet,  biDthcr  of  the  principal  leader.  I  Jt^  their  own 
method  of  spelKnE  their  names.  AH  oftbe«eaeem  to  have  attcDdecl  Dr.  DiiUamel  and 
Jua  paitr)  and  the  flnt,  an  excellent  man,  with  two  otlien,  wUo  bad  otter  beftn 
attempted  the  ascent,  perished.  The  Doctor  mutt  be  mistaken  in  asaertiiig  that  pon 
Cairiei  had  been  1 1  times  at  the  top  of  Mont  Blanc.  He  has  coofounded  the  unioc- 
cemfiil  eSiiits  with  thoae  thai  succeeded,  which  aie  only  about  one  in  fbur.  I  shuuM 
add  that  besidn  the  abovr  guides,  there  wu  a  faaidj  yonlli  of  18  who  accompuned  to, 
io  order  to  become  acmiaioted  with  the  road. 

+  In  taMng  the  dijfcrent  temperatureK,  Reaumur's  thermometer  was  used  ;  in  coa- 
Tcrting  the  degrees  of  which  to  those  of  FahretihBt''i  scale,  the  innibnal  parts  of  ■ 
iegm  are  omitted. 

t  In  aaceDdine,  we  mw  several  chamois  at  no  great  diatancc  above  us,  leaping  fkm 
rock  to  rock,  with  inconceirabU  agility.  Their  appearance  quite  agitated  raj  guides. 
Their  passion  Rir  following  this  poor  animal  is  acanely  crrdibfe,  and  derirai  adAtirad 
«xeilemantftan  the  dangaa  laeDdiog  it-  The  anknatioti  of  a  fbxJiiuuer  Sa  men  M& 
Jib  compaicd  with  ibejcvtr  i^  delight  which  periadea  tliecfaasa  of  the  chamois. 
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pointed  witb  iron,  which  are  of  in6nite  service  in  helping  you 
onwaid,  and  af  safeguard  against  foiling. 

lliere  is  no  part  of  the  ascent  to.  Mont  Blanc  THhich  I  consider 
BO  perilous  as  that  from  the  Glacier  des  Bossona  to  the  rock 
called  the  Grand  Mulet.  Above,  for  a  considerable  space,  are 
the  prodtgions  masses  of  ice  at  the  bottom  of  the  Aiguille  dU 
Midi,  rising  to  a  vast  height,  and  frequently  OTerhanging  their 
bases  to  such  an  extent  as  .to  menace  witn  destruction  every 
thing  mthin  their  influence.  Some  of  this  fell  shortly  after  we 
had  passed,  and  an  enormous  quantity  seemed  likely  to  follow, 
and  soon  did,  as  will  be  shown  by  the  sequel.  At  half-past  10, 
we  rented  upon  a  flat  space  of  ice,  or  rather  frozen  snow,  consi- 
derably higtier  than  Mont  Br^ven,  which  in  more  than  8,300 
feet  above  the  sea,  where  the  thermometer  was  44"-;  and  at 
15  minutes  past  11,  slopped  under  an  immense  quadrangular 
block  of  snow,  pendant  with  icicles,  and  perforated  in  a  most 
singular  manner.  The  hollows  were  full  of  water,  which  we 
found  very  refreshing,  as  the  heat  was  almost  intolerable  from 
incessant  exertion.  The  thermometer,  suspended  in  the  sun, 
was  62° ;  plunged,  it  sunk  to  23°.  The  dangers  increased  after 
leaving  this  place,  and  called  forth  all  the  vigilance  of  the  guides 
accustomed  from  their  infancy  to  cope  with  such  difficulties. 
Though  but  a  few  weeks  had  elapsed  since  they  were  here,  they 
found  a  vast  change  in  appearances,  and  were  obliged  to  proceed 
with  the  greatest  circumspection.  It  is  impossible  to  do  justice' 
.to  the  courage  and  zeal  of  these  people,  and  their  devoted 
attachment  to  the  persons  employing  them.  As  a  single  false 
step  would  have  been  fatal,  we  were  linked  together  with 
ropes  at  10  or  12  feet  distance  for  mutnal  support.  The  route 
lay  through  masses  of  ice  and  snow,  heaped  confusedly  togethery 
and  under  every  shape  and  form  imaginable.  Some  of  these 
were  wholly  ice,  and  ao  hard  ae  to  afford  great  resistance  to  the 
axe  with  which  we  were  freqitently  obliged  to  cut  out  steps  for 
our  advance;  others  seemed  in  a  state  of  half  congelation;, 
many  were  of  snow  quite  soddened,  of  great  relative  gravity,  and 
of  a  dark  hue,  from  the  moisture  imbibed ;  and  some  appeared 
of  a  shining  white,  as  if  newly  fallen,  or  having  been  lately  preci- 
pitated from  the  upper  regions  of  the  mountain.  We  were 
obliged  to  pass  sidelong  over  many  of  these  huge  heaps,  inclined 
fr^m  30°  to  40°,  often  with  a  gulpli  beneath  ;  and,  occasionally, 
onwards,  upon  a  mere  thread  of  ice  dividing  the  cavities,  whose 
Bides  sometimes  approaching  seemed  to  unite  at  various  dist- 
ances below ;  while  others,  receding  in  their  descent,  or  being 
quite  perpeniiicukr,  presented  nothing  but  a  vast  abyss  whose 
termination  was  lost  in  darkness.  Any  thing  thrown  or  falling 
by  accident  into  these  depths  sufficiently  marked  their  profun- 
dity. We  derived  great  advantage  from  the  ladder,  for  many  of 
the  chasms  could  not  have  been  passed  without  it,  even  by  the 
moaDtaineers  who  attended  me.     Though  the  distance  from  the 
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block  of  stiow  bofcve  lofintioned  to  th^  Grand  Mufet  mis'  slitit 
line  is  trifling,  it  took  U8  three  hours  to  attain  it  from  the-dtfi- 
«iilties  of  the  aficent,  and  the  zigzag  direction  in  which  we  were 
farced  to  move. 

The  Grand  Mulet  is  a  rock,  or  rather  ridge  of  rooks,  running 
towards  the  bummit  of  Mont  Blanc  in  a  hne  aboiit  SSW  and 
HNE.  It  lies  between  the  chains  of  the  Dromedftire  and  the 
Dome  du  Gout6,  bearing  &  from  the  first,  and  SW  from  tin 
mcond.  The  intennediate  spaces  fenn  two  vaJleys,  but  of  une- 
qual size,  from  the  closer  approximation  of  the  Grand  Mulet  to 
the  Dromedaire,  and  its  continuation.  The  ascent  from  the 
■  Prieur6  is  from  70°  to  72°,  and  from  it  to  the  top  of  the  moun- 
tain about  60°.  Il  has  little  appearance  of  vegetation;  a  few 
blades  of  common  grass  may  be  found  growing  m  the  angles  of 
the  crevices,  and  the  surface  is  covered  in  many  places  with  a 
lichen,  of  a  hrightr-yellow  colour.  It  would  seem  that  nothing 
living  would  choose  such  a  place  for  a  residence,  yet  my  guides 
assured  me  they  had  seen  mice  upon  it,  and  this  is  caI^ 
finned  by  the  fact,  that,  upon  our  return,  one  of  them  killed  a 
-weasel,  which  had  no  doubt,  in  some  manner,  made  his  way 
thither,  to  prey  upon  those  animals. 

The  appearance  of  the  snow  towards  the  Bcune  and  AiguHle 
du  Go&te  is  singuJar  and  beautiful.  We  had  passed  over  a 
ohaotic  mass  of  inequalities,  bvA  iu  that  direction  there  is  a  stiikr 
ing  order  and  regularity.  The  chasms  run  invariably  neadf 
,  E  and  W,  and  Uie  most  extended  are  the  lowest  in  the  ranges. 
The  line  formed  by  the  upper  part  of  these  rents  is  almost 
strait ;  that  by  the  lower  or  detacned  part  makes  acurve  pressing 
downwards.  This  form  appears  the  consequence  of  thesitnat- 
tion  of  the  valley  ;|  for  the  ascending  line  being  nearly  N  and  S, 
the  snow  will  natm-ally,  from  the  effect  of  gravity,  separate  in  as 
opposite  direction.  When  the  incumbent  mcLss .  becomes  to* 
beavy  to  support  itself,  it  breaks  transversely,  and  thus  makes 
those  almost  regular  columns,  as  I  should  call  them,  or  paraile- 
loptpeds,  to  which  Saussure  has  given  the  name  of  Scrac.  Tia 
iacimation  and  configuration  of  that  part  of  the  moantain  upoa 
which  the  snow  rests,  conduces  to  the  form^ion  of  these  blocks, 
and  the  operating  causes  being  always  the  same,  the  effect  of 
course  will  be  so,  and  this  suooession  of  uniform  masses  must 
ever  continue.  The  S^rac  holds  its  appearance  foryears,  as  the 
snows  of  several  winters  may  be  distinguished  upon  it,  until  it 
yields  to  the  inSuence  of  circumstances,  is  resolved  into  smaller 
neaps,  or,  perhaps,  descends  in  lavanges  upon  the  valley  below. 
The  space  between  the  Grand  Mulet  and  the  <ihain  of  the  Dpo" 
^edaire  is  wholly  of  these  enormous  parailelopipeds,  but  without 
any  regularity  of  line.  The  ascent  there  is  much  more  predpi- 
tous  ttuin  on  the  other  side,  and  the  waters  descending  from tW 
Eocks,  which  on  eveiy  side  are  almost  perpendicular,  produoe 
nore  frequent  and  less  uniibim  ohtmges,  aod  ole^frivfl  the  sbok 
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Unveil  nfdiab  dazzling  whit«B<e>s  winch  it  asuaHyweiHrs  at  sodt 
•levbtions.  The  thermometer  fit  our  resting  place  at  three,  p.m. 
vma-Sy.  It  declined  rapidly  with  the  sun,  and  at  half-past  Ore 
was  43°.  The  apace  where  we  lay  is  on  the  SW  side  oftne  rode, 
and  nftt  naore  than  18  or  20  feet  by  &  or  6.  It  has  been  made 
amnewfaat  lerel  by  the  guidts,  who  hare  piled  loose  stones  on 
the  part  towards  the  precipice  as  a  protection.  It  waa  aa 
anj^aAant  bed,  but  my  guides  slept  as  soundly  as  if  lodged  hi 
lite  most  comfortable  mansion,  and  witliout  being  in  any  way 
disturbed  by  the  thunder  of  the  aratanches  which  kept  falling, 
at  short  intervals,  chiefly  in  the  direction  of  the  Mer  de  Glace. 
One  of  these  men  had  lain  14,  and  another  11  tiines  at  the 
€irand  Muiet,  in  rarious  attempts  to  reach  the  top  of  Mont 
Blanc. 

At  half-past  one  next  day  (the  lUh),  we  hegan  our  joomey 
by  moonlight.  The  ascent,  though  frequently  steep,  is  not  dan^ 
gerous,  tuiving  ftw  chasms ;  so  that  we  were  enabled  to  advance 
-without  waiting  for  day-break.  We  were  linked  together  m 
before,  and  made  our  way  in  the  same  order,  the  pauses  of  reat 
being  delightfully  filled  up  in  contemplating  a  spectacle,  to  me 
Bo  new  and  so  magnificent.  The  sky  at  this  elevation  appeared 
before  dawn  almost  black,  the  mcN>n  nnd  st«rs  seeming,  as  it 
were,  sunk  into  the  Armament.  The  enoW'topped  heights  shone 
«s  if  coped  with  silvei^— a  broad  expanse  of  clouds,  undulated,  but 
motionleasandTeeplendent  with  the  moon-heams,  was  stretched 
cnit  beneath  us,  in  the  roidat  of  which  rose  tiie  bare  dark  pipna- 
dea  of  the  moontains,  like  rocks  heaved  up  from  the  depths  of 
ocean.  The  silence  and  solitude  of  tne  scene  aided  its 
efiecta,  and  induced  a  sensation  which  I  might  seek  in  vain  for 
language  to  dtpict.  At  four,  we  reached  the  Petit  Plateau, 
where  the  thermometer  was  11°.  The  acclivity  from  henoe  to 
the  more  extensive  level  called  the  Grand  Plateau  is  between  30* 
and  36°,  the  show  quite  hard,  and  without  many  irregularitiest 
As  we  advanced,  the  Dome  du  Go^  appeared  magniflcendy 
above  us  ;  its  snows  formed  in  many  parts  into  prodigious  quadl 
rangular  masses, placed  with  uniformity,  and  bearing  some' resem- 
blance to  embrasures.  Behind,  we  had  the  nearer  range  of  the 
Savoy  and  Swiss  mountains,  brightening  with  the  nsingsunjand, 
far  below,  fringed  with  its  exhaktions,  the  long  blue  level  of  die 
Leman  Lake, 

At  six,  we  reached  the  upper  part  of  the  Grand  Plateau,  whose 
height  above  the  sea  is  fixed  by  Saitssure  at  12,7 10  feet.  Hen 
was  the  greatest  degree  of  cold  we  experienced,  the  thermome- 
ter being  5°  All  our  provision  was  frozen,  and  the  water  we  . 
brought  with  ua  converted  into  ice.  The  sun  had  just  beamed 
^on  the  place  when  we  arrived,  and  during  the  hour  we  waitkd 
to  Test  and  breakfast,  the  quicksilver  rose  nearly  16°.  Here  t 
first  began  to  feel  something  of  weariuesB  and  lassitude,  aecoio- 
panied  wtth  si  vluat  ai  sppvtitK,  km)  ^etiste  for  viae  ;  -ami  I 
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perceived  that  these  Benaatiops  were  participated,  more  or  less, 
oy  all  the  guides.  One  of  them,  who  bad  for  a  considerable  time, 
with  great  tobour,  crawled  aloae,  was  left  at  our  departure  qake 
exhausted,  and  asleep  upon  his  Kaapsack,  At8even,we  set  off, 
and  the  difficulties  in  a  very  short  time  far  exceeded  any  that  we 
had  hitherto  experienced.  The  route  is  to  the  left  towards  the 
Rocher  Rouge,  or  east  shoulder  of  the  mountain,  a  more  direct 
ascent  being  precluded  by  the  formidable  precipices  of  snow 
whi<^  lie  between  the  summit  and  the  Grand  Plateau.*  The 
inclination  is  in  many  places  60°,  and  the  scow  never  hardens. 
The  guides  complained  that  since  they  had  last  been  here,  it  had 
greauy  accumulated,  and  some  of  them  thought  that  all  oar 
trouble  had  been  useless,  but  Couttet  was  quite  certain  of  suc- 
ceeding, though  we  sunk  above  our  knees  at  every  step,  and 
were  sometimes  immersed  so  deeply  that  it  was  oiuy  by  mnch 
exertion  we  could  extricate  ourselves.  The  wind,  which  blew 
freshly  in  our  faces,  increased  the  difficulty,  and  obliged  us  at 
every  rest  to  turn  quickly  to  leeward  in  order  to  inspire  freely. 
I  was  obliged  to  limit  every  advance  to  25  paces,  and  even  ^s 

froduced  a  painful  throbbmg,  witKgreat  acceleration  of  pulse, 
t  was  during  this  march  that  1  was  Siirprised  to  see  a  butterfly 
upon  the  wing,  and  directing  his  course  towards  the  top  of  the 
mountain,  nis  flight,  being  against  the  wind,  it  was  cortse- 
qnently  the  effect  of  choice.  This  was  the  only  insect  we  saw 
alive,  but  several  dead  were  picked  off  the  snow.  It  was  nearly 
10  o'clock  before  we  reached  the  Rocher  Rouge,  from  whence, 
on  the  right,  we  had  a  full  view  of  the  majestic  height  which  we 
were  now  certain  of  attaining.  Here  we  rested  a  short  time,  and 
soon  became  quite  refreshed.  The  day  was  remarkably  fine, 
and  the  thermometer  41°.  We  now  saw  the  ^uide  who  had 
been  left  asleep  at  the  Grand  Plateau,  slowly  making  his  way 
after  us.  Although  he  was  not  wanted,  he  would  have  deemed 
his  credit  lost  had  he  jiot  gained  ^e  top  ;  and  as  it  was,  several 
of  his  (Companions  expressed  great  contempt  for  the  "  imbecille," 
as  they  termed  him,  such  being  the  spirit  which  animates  these 
brave  fellows. 

The  acclivity  from  the  Rocher  Rouge  t  is  easy,  not  above  25°, 

*  I  cannot  gatha  itt  whit  put  of  ihc  uecnt  Dr.  Du  Hiinel  jmd  his  comwiioiu  m«t 
with  the  dqiUmble  c^niiK  which  ended  so  fatiUy  to  poor  Cutiec,  uid  two  otliw 
guidea,  as  the  account  publidied  in  the  Aanali  of  Philompky  does  net  mention  at  what 
time  the  accident  occurred.  I  should  fancy  it  to  have  taken  place  shortly  after  quitting 
the  Qrand  Plateau,  and  Bilntndi^  towaida  the  Rocher  Rouge,  as  there  are,  or  were, 
joT  the  appearance  of  the  snow  is  eteraaUy  varying,  «<»ne  deep  duama  to  the  left  in  that 
direction,  with  many  predpit«us  masses  on  the  othra  hand  which  continue  for  a  consider- 
able space  upwards.  Portions  of  these  heaps  are  frequently  detached,  and  bear  emy 
dlingbefiire  them,  whoi  set  in  motion  fiom  the  slippery  acdirity  on  which  they  rett^  ff 
my  conjectun  aa  to  the  place  of  the  misfortune  be  wdl  Esuaded,  Dr.  Du  Hamel  must 
then  bale  been  more  than  three  hours  and  a  half  inim  the  ivimmit  of  the  mountain, 
whidi  then  seemed  so  near  to  him,  so  difficult  is  it  to  judge  of  distances  at  these  eleva. 
liooa,  and  with  such  obstraetioDs  to  aicoonter. 

f  I  have  preserrad  the  a^idlatiinis  givm  by  (be  gnidea,  who  ban  auned  nhnn* 
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and  without  cavities  ;  but  though  it  looked  attainable  with  litUe 
trouble,  scarcely  any  part  of  the  journey  was  more  painful.  I 
had  not  before  been  very  much  incomtnoded  by  the  rarity  of  tlie- 
air ;  but  now  I  felt  it  so  severely,  and  was  obliged  to  mdVe  suchi 
frequent  halts,  that  it  was  almost  an  hour  and  a  half,  although 
the  distance  is  trifling,  before  we  conquered  it.  The  inconve- 
nience seemed  chiefly  attendant  upon  proa;rea8ive  motion ;  for  ' 
mere  exercise,  without  change  of  place,  did  not  much  affect  me. 
The  surface  of  the  snow  toward  the  top  is  completely  waved,  like 
water  ruffled  by  a  slight  breeze,  or  rather,  perhaps,  like  a  heap 
of  sand  furrowed  by  frequent  showers ;  yet  it  is  the  opinion  ot 
the  Chamounese  that  it  never  rains  upon  Mont  lUanc,  as  Uiev 
observe,  whenever  this  takes  place  below„  that  the  highest  rocK 
visible  to  them  is  covered  with  snow.  At  so  many  thousand 
feet  above  the  curve  of  congelation,  it  cannot  indeed  be  other- 
wise ;  yet  a  cursory  glance  would  almost  induce  one  to  think 
tbe  contrary,  as,  independent  of  the  appearances  before  men- 
tioned, a  portion  of  the  ascent  was  strewed  with  thin  sbiniog 
plates  of  ice,  like  water  arrested  in  its  passage  by  the  hand  of 
frost.  It  was  half-past  11,  a.  m.  exactly  10  hours  after  leaving 
the  Grand  Mulet,  that  I  had  the  pleasure  to  And  myself  upon  thie 
summit  of  the  ancient  coutinent.  The  highest  part  of  Mont 
Blanc  has  been  said  to  resemble  in  form  an  ass's  back.  It 
is  a  narrow  and  almost  level  line  of  little  extent,  running  nearly 
E  and  W,  and  somewhat  higher  at  the  western  end,  cuivin? 
CTadually  towards  tbe  \  to  the  vertical  snows  above  the  Grand  ' 
Plateau ;  and  in  the  same  way  to  the  S,  to  the  prodigious  preci-  , 
pices  over  the  valley  of  Entreves.  The  prospect  from' this 
ccdossal  height  was,  as  may  be  expected,  immense,  and  only 
bounded  by  tlje  imperfection  of  human  vision.  The  weather 
was  beautiful,  the  air  quite  clear,  and  the  wind  between  the  S 
and  W,  which  is  what  generally  produces  or  accompanies  those 
optical  illusions  so  frequent  in  the' Alps,  when  distance  seems- 
annihilated,  and  objects  the  most  removed  appear,  as  it  were, 
within  the  grasp.  To  the  E  the  eye  stretched  over  the  Mila- 
nese ;  to  the  SE,  to  the  Parmesan  and  adjacent  countries  ;  and 
S,  towards  Genoa,  and,  perhaps,  to  the  Mediterranean  ^  but  of 
this  last,  1  cannot  speak  with  certainty.  The  Apennines  inter- 
cept the  view ;  and  I  might  be,  and  probably,  was,  deceived  in 
what  I  took  for  that  sea.*     A  large  portion  of  the  south  of 

ererf  porlioB  of  nick  the  snow  htw  not  eovereS.    A  ridge  neat  the  [locbe^  Binige,  Utef 
.tcnntSe  PetitMulet.     TSe  ewt  ahaulder  in properi;  Mont  Miudit. 

*  In  Ebeil's  "  Slanuel  du  Voyiigeur  en  Suiiuei''  it  is  stated  that  Horn.  Bourritt, 
mth  hisBon  and  tliree  guides,  reached  the  summilof  Jllont  Blanc  in  itSb,  "  molgri 
lagrlle,"  which  had  dispelled  (he  rest  ofthe  party;  and  that,  descendingfnr  ahelterlo 
ih*  SB,  Modi.  U-  had  from  tfaaice  fancied  he  lav  the  Mediterranean.  The'Hc«)>di)» 
Hmt  Blanc  in  audi  ■wet^m  M  described,  I  cxmceive  Co  ha  phjsicidlj  impoiuble,  and 
uaeleag,  from  ohTioiu  leatoni,  weia  it  othirwiBe.  In  tact,  it  is  denied  at  Chamounjr  that 
Jiona.  B.  evetwaa  at  the  (op  of  Mont  Blanc,  or  at  any  part  of  it,  whence,  from  the  fiiim 
ef  the  mountain,  the  Maditaraaean  cauld  b«  ndblf.  Xbe  wbole  ^uttorj  a  mndl 
.Tanked  at  by  Di.  Paccard,  and  the  eldguidea  of  C'hamouaj. 
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^aaux  waa  dntiDotfy  TiaiUie,  with  t.he  moA  distant  range  of  the 
Swiss  mountains,  and  beneath,  in  a  manner  nnder  our  feet,  the 
Mer  de  Glace  with  its  glaciers,  and  the  vale  of  Chamouoy, 
whose  inhabitants  were  clearly  seen  through  a  telescope.  The 
Alps  had  a  very  singular  appearance,  loe  height  from  ^hich 
they  were  beheld  seemed  to  rob  them  of  their  character  as 
mouatiina;  and  the  relative  elevations  of  the  greater  number 
were  hardly  perceptible.  Except  Monte  Rosa,  which  towered 
wi^  nearly  rival  grandeur,  and  a  few  others,  the  whole  looked 
like  a  Vast  expansion  bristled  with  rugged  .inequalities,  whose 
tops  ^moet  invariably  ended  in  a  point.  These  pinnacles  ran  in 
TarioHS  directions,  but  in  lines  parallel  to  each  other,  formiDg 
between  ihem  ranges  of  hollows  covered  with  snow.  This 
needle-like  termination  appeared  universal,  as  except  that  upon 
which  I  stood,  and  Monte  Rosa,  I  scarcely  perceived  an  excep- 
tion in  the  wide  extent  of  Alpine  region,  which  lay  under  my 
view.  The  clouds  were  all  far  beneath,  and  quite  at  rest.  Many 
were  below  the  mountain-summits  ;  some  up  n  them,  and  others, 
altogether  detached.  Their  forms  were  wholly  semiglobular,  or 
rather  a  continuation  of  segments  of  circles,  the  extremities  of 
which  were  defined  with  perfect  exactness.  A  few  that  were 
nearly  separated  from  the  larger  bodies  were  completely  round, 
wid'Seemed  like  small  globes  resting  upon  one  of  their  -poles. 
These  clouds  were  all  nearly  opaque,  and  appeared  of  a  dusky 
white,  luminous  at  the  edges ;  but,  just  before  I  left  the  top  of 
the  mountain,  when  the  sun  had  considerably  declined,  some  of 
the  more  distant,  particularly  towards  the  east,  began  to  assume 
that  bright  empurpledrose-hue  tint,  so  frequency  attendant  upon, 
luid'  I  behave  peculiar  to,  an  Alpine  sun-set.  The  sky  was  of  a 
dark,  deep  blue,  many  shades  more  intense  tlian  when  viewed 
from  below,  lliis  colour,  which  approached  to  black  at  the 
vemth>  diminished  gradually  to  the  horizon,  where  it  had  a  kind 
of  violet  tinge.  Nothing  can  be  fancied  so  beautiful  as  the 
ethereal  coucave,  arching  out,  if  I  may  so  express  it,  into  infi- 
nity, without  uny  exhalation  or  impurity  of  earth  to  intercept  its 
magnificence.  'JThere  was  a  something  in  the  scene  and  the 
sHuation — a  feeling  of  high-wrought  enthusiasm,  to  which  the 
mind  willingly  lent  itself,  seeming  to  stretch  beyond  the  wondere 
it  contemplated  towards  Him  wno  formed  them. 

I  remained  upon  the  top  of  Mont  Blanc  three  hours  and  a 
half.  During  this  time,  the  alterations  of  temperature  were 
continual.  The  wind  in  general  blew  strongly  from  the  SW,  bat, 
at  intervals,  it  died  away,  and  a  milder  atmosphere  was  the 
immediate  consequence. 

When  we  first  arrived,  the  thermometer  in  the  sun  was  33°; 
placed  upoii  the  snow  with  the  same  aspect,  it  sunk  in -five 
minutes  to  25°.  Suspended  towards  the  N  in  a  cold  current  of 
air,  it  was  14° ;  and  in  the  same  spot,  with  the  bulb  in  the  saom, 
fell  to  9°.     All  these  changes  took  place  before  mid-day.    D>e 
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greatest  degree  of  heat  we  experienced,  or  rather  fieemed  to 
experience,  for  it  was  not  indicated  by  the  thennometer,  wafl 
about  tvfOf  p.m'.  The  ghffs  of  the  sun,  from  which  we  had  no 
direct  shelter,  and  the  reajction  of-his  raya  becoming  more  pair^ 
fill  from  prolonged' exposure  to  themt  must  have,  caused  tbia 
sensation.  The  wind  afterwards  increased,  and  whanl  quitt«<jb 
the  Bunamit,  the  thennometer  in  the  sun  and  full  air.  was  19?.  . 
Thia  is  a  much  greater  degree  of  cold,  and  a  moiB  «st«ade4 
Taiiation  of  temperature,  than  was  felt  by  Sausaure,  tiu)ugh.bi* 
ascent  was  in  the  same  montii  o£  the  year,  and  only  a  few  days 
earlier — a  proof  c4  the  changes  prevalent  »i  auck  devatiooa. 
That  eminent  philOBopfaeT' mentions  that  by  placing  himsdf  in  the 
shade,  he  was  able  to  see  the  stars ;  but  tci«ugfa  I  layi  dowa  m 
the  snow,  and  had  my  guides  widi  their  cloaks,  Sic.  afwettd 
aboilt,  so  as  to  form  a  kmd  of  night  around  ne,  l.was  not 
equally  fortunate,  which- ms^j  perhaps,  ba  atCnbutable  to  the 
difference  of  wind  and  atmosphere.  Sound  is  imperieoMy  con- 
veyed at  great  heights,  and  it  is  nob  in  the  slighest  degree  rCTeiw 
berated  upon  Mont  Blanc.  I  caused  a  pistol  tx>  be  discharged 
sevefai  times  at  various  distances;  hut  the  cessation  of  litA 
report  was  instantaneous,  and  when  1  had  it  fired:into  a  oavilgii 
in  the  snow,  and  lay  down  30'  or  40  paces  offy  the  effect  wf(»  , 
the  same.  .        . 

While  upon  the  summit,  Isent  my  guides  to  break  off  same  o£ 
the  highest  risible  rock*  in  Europe,  which  is  consideraldy 
tower  towards  the  SE;  and  I  send  you  ■  apecimePB,  mth  aouQ 
atone  vitrified  by  lightning,  which  is  occasionally  found  in  thjfb 
direction.  This  is  the  only  ei^ot  of  that  element  diseemible) 
upon  Mont  Blanc,  which,  by  its  fonn,  and  theenowy  cope  with, 
which  it  is  eternally  crowned,  is  shielded  from  its  infloesce.  At 
tiiree  o'clock,  %avmg  assembled  my  guides,  and  caufted  tiiem  to 
join  with  me  in  drinking  to  the  prosperity  of  Old  Gngkiad,  we 
commenced  our  descent ;  and  in  an  hour  and  a  half  reached  tbtt 
Grand  Plateau.  We  were  linked  in  aseending,  and  passed  the 
declivities,  which  were  not  too  precipitous,  by  ^ding  dowa 
them  upon  our  haunches — a  method  attended  with  no  othw 
inconvenience,  except  that  the  foremost  in  the  traia  wei» 
covered  with  the  rubbish  raised  by  the  pass^e  of  those- behind k 
In  this  manner  we  proceeded,  and  arrived  at  the  Grand  Motel! 
in  three  hoars  and  twenty  minutes.  We  found  that  t<noiant> 
lanches  had  fallen  in  different  parts  of  our  path,  neither  of  tbeift 
indeed  very  lai^e,  but  quite  suffici^it  to  have  overwhrimed  thet 
whole  party. 

*  Dr.  Du  Hamel  ii  mistalcen  in  suppositig  that  he  had  pn>ciiied  pieces  of  ihe  "  higli' 
Mtvinbkrock  inSurope,"  that  being  ntuated  onlf  Bbout  !50  feet  below  the  top  of  the 
■nountain,  but  KycnlthnitMiA  t^T^die  spM,  TtteDwhe-weiw-to  hM«.gpt]i>q)ed- 
■iMK  "nilg  lock  is  the  piM^ow  of  Prot,  JnriB<>  but  the  Boohec  Baage  Uganket. 
and  hv  ■  leddiih  hue,  whence  us  tuune. 
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Whde  going  along,  I  could  not  help  fancying  that  a  large 
portion,  or  the  wbtde,  of  the  stopendons  compact  body  of  snow 
frcHb  the  Grand  Plateau  downwards  m^^  be  continually  and 
prc^fresBirely  deic«nding.  The  disjpoaition  of  the  masa,  and  die 
citnation  of  the  chasms  always  tying  where  the  indinatton  is 
eonsideraUe,  with  the  general  ^pearance  of  the  whole,  sug- 
gested the  idea.  This  is,  however,  but  a  mere  conjecture,  and 
even  were  it  otherwise,  it  is  not  ascertaitxablej  as  a  long  series  of 
years,  periii^  ages,  must  pass  by  before  the  part  now  upper- 
most could  had  its  way  into  the  plains.  The  cold  at  Uie  Grand 
Mulet  was  verv  severe  during  the  aight,  and  we  were  very 
poorly  skreened  &om  it  by  the  slight  covering  which,  from  the 
rock  on  one  side  to  the  precipice  on  the  other,  we  had  hong 
obliquely  over  us. 

Atiive,  a. m.  on  the  12th,  we  set  offfor  Cbamouny,  thepath 
being  too  dangerous  to  make  the  attempt  till  perfect  day-hght. 
Our  passage  was  impeded  by  a  tremendous  avalanche,  which 
heal  rallen  upon  the  spot,  which,  as  I  stated,  it  seemed  to  threaten 
as  we  ascended  from  the  glaciers  at  the  foot  of  the  Aiguille  du 
Midi.  It  covered  an  extent  of  more  than  a  quarter  of  a  mile, 
and  we  were  full  half  an  hour  in  traversing  it.  It  w^  niiie 
e'dock  before  we  reached  the  "  dernier  gazon."  My  eyes  had 
now  become  much  inSamed,*  as  1  had  used  little  or  no  precau- 
tion to- defend  them  against  the  reaction  of  tbe.sun  from  the 
glare  of  white  around  me,  the  scene  being  too  extraordinary  to 
he  viewed  even  through  the  preservative  of  green  crape,  or  any 
odier  medium,  and  I  scarcely  recollect  any  thing  more  painftu 
'  than  the  first  flash  of  the  sun  upon  them  as  we  descended.  At 
half-past  10,  we  stopped  at  the  Chalet,  where  we  had  refreshed 
oiurselves  two  days  before  ;  and  here  the  thermometer  was  65^. 
At  half-past  1 1,  we  reached  the  bottom  of  the  mountain,  and  at 
noOQ  arrived  at  the  Prieur^.  The  heat  in  the  valley  appeared 
intolerable  to  us,  though  only  72°. 

On  the  morning  of  we  16th,  the  affection  in  my  eyes  having 
ceased,  I  crossed,  with  my  old  guide  Couttet,  over  the  TSte 
Noire  to  Martigny,  and  thence  by  Bex,  Chillon,  Vevay,  &c.  to 

Lausanne,  where  I  arranged  my  notes,  and  sent  to  a 

little  account,  which  you  will  here  have  more  at  length.  I  fear, 
however,  that  you  will  fancy  it  unreasonably  extended,  and 
wonder  why  any  one  should  teke  so  much  pains  to  so  little  pur- 
pose, and  without  any  scientific  result ;  nevertheless,  as  the 
attempt  succeeded,  I  consider  myself  amply  compensated  for  all 
the  dangers  attending  it ;  for  I  wished  to  contemplate  Nature  in 
her  mightiest  works — to  behold  the  clouds  from  a  region  above 

*  Having  accidentally  met  C^it.  U.  ihorUy  after  liia  deacent,  and  witneued  what  be 
buatated,  IcaiiiuittoDBtiongl;recoiiiiaeDduead<^cuof  tboKpiecauiioaionniiiJIaE 
ocoawmi  irtudt  Ik  neglected  to  obterre.— £d>{. 
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tbieaa— ftsd  to  see,  if  such  a  phrase  may  be  pefnitb 
He^Teo  looked  from  one  of  the  ptaaaoles  of  earth. 


Ever  sinoeielv  yoan^ 

J.  UNDBBUl, 


Arucle  X. 

Further  Observation  on  the  Con^arative  Advantages  o/iliuMi' 
nating  Ay  Gas  produced  from  Oil  and  from  Coal.     ^  M. 
.  Ricai'do,  Eeq. 

(To  the  Editor  of  the  Atmak  of  PhUoiophy.) 

SIR,  Bov,  Mareh  81,  19!1. 

I  AM  uawilling  to  introde  the  snbiect  of  oil  gae  again  upoa- 
your  readers;  but  there  are  ,aome  observations  made  upOQ  my 
foimer  paper  by  a  correspondent  in  the  last  number  of  th,e 
Annals,  to  which  I  must  claim  permission  to  reply.  This  geg-. 
tleman,  whoever  he  may  be,  has  said  more  (uninteDtiooally,  no, 
doubt)  against  the  management  ofcoalgas  companies  in  general, 
than  could  be  deduced  from  any  thing  1  have  written.  My 
object  was  only  to  prove  the  inferiority  of  coal  gas,  wli%n  brought 
in  comparison  with  that  of  oil ;  but  he  has  shown  that  some  great, 
mismanagement  exists  in  all  the  companies,  excepting  those  of. 
Sheffield  and  Derby;  and  if  the  statement  respecting  the  latter 
be  correct,  the  management  of  Uie  Sheffield  Company  may  also 
come  in  for  its  share  of  blame. 

'  I  must  still  persist  in  my  assertiou,  notwithstaitding  your  c(h^, 
respondent  diners  from  me,  that  the  advantages  attendant  on  the 
London  Chartered  Company,  are  greater  than  any  other  possess. 
It  must  be  allowed,  that  to  have  the  greatest  number  of  lights 
in  the  smallest  compass   is  the   highest  advantage    which   a. 

;as  tight  establishment  can  have.    The  cheapness  of  coal  and 

ibour  is  of  little  benefit,  unless  there  is  an  ample  demand  for  the 
gas ;  and  what  place  is  likely  to  compete  with  London  in  this 
respect  1  If  you  compare  this  Company's  main  with  the  number 
of  lights  upon  it,  I  should  think  no  provincial  city  or  town  could 
in  any  way  equal  it. 

Your  correspondent  says,  that  the  selling  price  of  coal  gas  at 
Sheffield  is  upon  the  average  10s.  6d.  per  1000  cube  feet,  and  at 
this  price,  it  yields  a  profit  of  10  per  cent.  He  then  asks  some- 
what triumpnantly,  what  I  shall  say,   when  informed  that  at 

Derby,  gas  is  sold  at  7s.  6d.  per  lOOO  cube  feet,  and  that  the 
Company  "calculates"  to  share  a  profit  of  10  percent.?  To  this 
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I  oan.on^  ^^'V^i  '^^'^  withomt  doubting  yoar  correspendeirt'ft 
veracity,  I  must  beg  le&re  to  doubt  the  fikCt  till  the  Compaay's 
calculation  is  realised ;  besides,  if  Sheffield  retail  iu  gas  at 
10s.  Gd,  with  a  profit  of  ooly  10  per  cent,  there  must  be  some 
extraordinary  and  unaccountable  advantages  attendant  on  Derby, 
or  some  gross  miMimugemeDt  on  Sheffield,  as  I  cannot  see  why 
th^  latter,  should  not.  be  able  to  sell  their  gas  as  low  as  the 
former,  and  at  that  rate  the  profits  ought  to  be  nearer  60  per 
cent,  than  10  per  cent.  From  a  paper  now  beforR  me,  the 
Derby  Company  appears  to  he  but  viery  recently  established, 
and  the  promoters  of  it  are  making  tlibir  calculations  by  antici- 
pation. One  circumstance  I  beg  to  mention,  where  I  conceive 
them  to  be  coupletdy  in  errsr ;  andif  dieircalcolations  of  profit. 
aje  iwule  fiom..sucb  data,  they  will  certainly  be  deef  ived.  This 
paper  states,  that  lOOOcube  feet  of  coal  gas  are  equal  to  70 lbs. 
of  candles.  This,  1  believe,  ia  at  variance  with  every  recorded 
experiment  tlu^  hasbeen  tried,  and  more  particularly  with  those 
of  Mr.  Accum,  one  of  the  chief  promoters  and  warmest  advo- 
cates of  coal  gas  establishments.  In  my  former  paperj  I  have 
gr?«a  the  r»6alt  of  his  trials  on  this  subject,  and,  according  to 
Uiem^  fii^posia^  these  experiments  to  have  been  made  with'.' 
OMidles  six  4o  the  peuikli  instead  of  eight,  each  candle  lasting - 
mt  hours,  a  pound  would  be  equal  to  24  cube  feet  of  coal  gas, 
m  that  1000  cube  fe^  would  be  equal  to  somewhat  less  man 
42  lbs.  instead  of  70  lbs.  as  stated  in  Ihe  D^rby  report. 

Your  correspondent  next  drawa  a  comparison  betwe«)  my 
oslculation  of  the  sxpences  of  oil  gas  and  tne  ^effield  toal  gas ; 
but  I  oanaot' admit  that  one  of  the -former  is  equal  only  to  thr^e 
ofthe  latter :  I  ain  convinced  it  ia  fully  equsl  to  four,  in  drawing- 
the  medium  between  the  two;  and  anowmg  it  to  be  as  one  to' 
tfaree  wid  a  half,  I  trust  i  have  made  every  necessary  allowance. 
In  that  case  1000  cube  feet  of  oil  gas  which  cost  30s,  would  s^' 
for  the  same- price  as  3,600  Ofcoal  gas,  instead  ofSGOO  ;  thatia, 
l/<  16».  9d.  yieMing  a  profit  of- 22  per  cent,  instead  of  10, per' 
cent,  as  stated  by  yoor  correspondent. 

I  am  williiig  to  allow  titat  some  of  these  calculations  show 
b«tter  on  paper  than  in  reality,  atwi  that  there  ftre  always  some 
great  and  unavoidable  expenses  whifch  cannot  be  immediately 
roreseen,  but  wlHch,  howevefj  it  becomes  itecessary  for.a  newly 
establiBbed  G<wapaQy  to  guafd  against  t^  a  high  price.  This, 
may-riways  be  much  more  easily  lowered  than  raised-;  hut- 
ndiatever  these  contingeocies  may  he,  they  must,  from  the  nature 
of  the  two  establishments,  he  greater  in  the  coal  than  irr  the  (»1. 
Ifr  estimating  the  profits,  it  muat  ^ways  be  done  with  the  consi- 
dcvaUon  of  a  certain  demand  for  a  given  number  of  lights :  inte- 
ree^on  capita,  and  expeoces  of  management  to  a  certain  extent, 
mast  be  incurred,  whether  there  are  few  or  many  l^hts  required ; 
bat  when  tbeae  are  properly  balanced- W  the  demand,  a  profit 
appiozknating  to  what  1  have  stated  may  be  expected.     . 
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Your  correspondent  saya,  tbat  tbe  more  unpleuaQt  the  gas  is, 
the  more  readily  is  its  escape  detected.  I  atu  very  willing  to 
allow,  that  thougb  not  bo  unpleasant  as  coal  gaa,  oil  gas  is  quite 
enough  so  to  iosijlre  detection.  The  only  question  in  dispute 
then  IS,  which  may  be  procured  the  cheapest.  I  think  I  nave 
proved  that  the  advantages  rest  vrith  oil  gas ;  but  even  suppos- 
ins  it  were  as  expensive  as  coal  gas,  its  superiority  in  eveiy 
other  respect  will,  when  its  use  is  as  ^ell  known,  give  it  ' 
a  decided  preference.  I  have  snbjoined  a  table  of  the  cost  of 
gas  at  12  different  establishments.  This  has  been  kindly  fur- 
nished me  by  a  friend,  who  undertook,  from  their  printed  rate 
«ards,  to  make  the  necessary  calculations,,  and  which,  I  beUeve, 
may  be  strictly  depended  on  for  their  accuracy.  This  table  will 
be  a  sufficient  proof  that  in  estimating  the  selling  price  of  gas 
generally  at  15s.  per  1000  cubkj  feet,  I.have  not  been  so  wrong 
as  your  correspondent  has  assumed ;  hat,  on.the.contrary,  that  my 
estimate  has  oeen  too  low  ioEtead  of  too  high..    The  average 

frice  for  the  12  establishments  quoted  is  16s.  10(f.  instead  of  15s. 
have  been  unsuccessful  in  my  endeavours .  to  .procure  rate* 
tables  either  of  tbe  Sheffield  or  Derby,  companies^  1  have  seen 
a  printed  paper  from  Derby  which  atates.the  iutailion  of  the 
promoters  of  that  establishment  to  sell  gas. at  7s..  fjd.  per  1000  ' 
cubic  feet ;  but  I  liave  seen  no  document  .froDi  which  it  can  he- 
inferred  that  they  actually  do  so  sell  it,  '  ~ 

Were  I  to  hazard  an  opinion  on  the  cause  of  such  small  profits-' 
as  are  generally  known  to  accrue  even  from  gas  establish.. 
ments  vmich  make  high  charges,  I  should  attribute  it  to  the 
inindicious  mode  of  charging  for  light ;  namely,  by  the  ncimber 
of  burners  used  instead  oi  by  the  quantity  of  gas  Consumed  ;  in 
the  former  way,  there  is  no  check  upon  the  consumer;  aild 
every  one  Who  walks  the  streets  in  the  evening  must  observe  the 
extravagant  waste  of  gas  in  the  different  shops — an  extrava- 
gance which  does  not  benefit  the  consumer,  while  it  very 
seriously  injures  the  Company  providing  the  gas.  This  might 
be  obviated  by  the  use  of  the  gas  meter:  me  perfection  to 
wMch  this  machine  is  now  brought,  and  the  correctness  with 
which  it  registers  the  quantity  of  gas  that  passes  through  it, 
wiB   ensure  its  preference  over  every  mode  of  estimating  the 

Erice  of  gas  both  to  the  Companies,  and  ^e  consumers,  if  it 
ecame  generally  adopted. 
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Table  of  the  Prices  atichick  Gas  is  charged  per  1000  Feet,  taku- 
latedfrotTi  iht  Rates  (yf  various  Places',  taking  the  large  Argarid 
Burner  until  10  o' Clock  as  the  Standard,  and  reckoning'^ 
Consumption   of  Gas  at  Jive- Cubic  Feet  pef  Hnur  J-or  tutA   | 
Bamer,  and  the  Number  of'  Hours  in  one  Year  to  be  1 100,  W  i 
3|,  oji  the  Average  for  3IS  Days. 
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.  Thaaverage'clu^e  for  1000  cube  feet  of  the  ,\2  townfi  is  ISs^'lOif. 


P.S. — 'Sinpe  writing  the  above,  I  have  ,been  successful  in 

.  obtaining  a  Sheffield  rate  card.  Calculating  on  the  aame  scab^ 
tb,e  others  haye  beeif  done,  I  find  the  cogt  of  .gas  is  \ls.  p^  1000 
oiibe  feet  instead  of  I2s.  as  stated  by  your  correspondent.     T^e 

_  highest  they  allowed  is  ?0  per  ^ent.  on  iw^e 

payment  the  medium,  wquld  average  the  g^^t 

15s.  2d.  L:  the.quantitystild  by  thie  offi^T  atjony 

of  the  n  ,..!  understand,  t!)at,no  calculation  cm 

be.inade  of  charging.,  plj'he  difficulty  which. my 

jriends  1  iring  me  the.xat?  cinrds  Jia^  fpade.iae 

'  80  late  ii  is  p^per  to  you ;  and  tl^is  last,  of  SW- 

field,  th  ;  of  all,  1  havt;  c^i^y  uhtaipied  thi?  juom- 

'ng.     Ii  ;  time  of  your  receivingcommuoicatioas 

has  elapsed ;  I  cannot  any  longer  encroach  'upon  your  indul- 
gence ;  and  instead  of  rewriting  the  paper  altogether,  which  I 
^ould  not  be  able  to  do  for  this  month's  insertion,  I  must 
request  you  will  insert  this  as  a  postscript.  Although  I  enter- 
tained some  very  considerable  doubts  of  your  correspondent's 
correctness,  I  did  not  like  to  express  them  till  1  had  satisfactoij' 

,  proofe  instead  of  mere  surmise ;  these  are  furnished  by  the  rate 
table  before  me ;  and  the  charge  which  your  correspondent 
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MeS-l  On  Copt.  Katei^t  Efpe^mtatt  m  *!>€  Phvilitlwm.  ^7 
Ismught  aguwt  me  of  bot-obt»nita^1>etter  information  befwe  I 
«Btiiu&ted. the  price  of  gBsttt  what  Idiflinmy'feriiierp&perjBaay- 
teerteiiti;-  be  petorted  upon  hiin,  for  not  having  made  hia  stEHle^ 
JDOita  more'  correct  than  he  has  Aouei.  I  am,  however,  indebted 
to  Id m  for  affording  me  an  opportunity,  niot  only  of  oonftrmini; 
isty  former  statement,  but  of  showiag  that,  iostead  ofexaggera^ 
ing  the  superiority  of  oil  gas  in  point  of  eeonomy,  I  have  uodei^- 
Krted  it,  and  that  ita  advantages  are  much  greater  Aan  I  had 
xoyself  conceived  before  1  entered  into  this  more  complete  invest 
tigatioQ.  Had  it  been  practicable,  it  wOutd  not  aave  bee* 
•noterasling  to  have  shown  whrt  divid^Mla  are  paid  by  the 
tthore  eDmaentbed  Companies';  how  many  pay  lOs.  per  cent.-; 
facnr  many  pay  more  ;  now  many  pay  less ;  and  how  nany  pay 
none  at  ul. 

I  am,  yours,  &o.  M.  Ricar»«. 

JTonA  «3, 1891. 


Aaticlb  XI.  

fitmerks  OH  Capt,  Kater'a  E.Tseriruenls  oa  tiu  Length  of  tie 
PeaanUaa, 

(To  die  Editor  of  the  Amuda  of  Phii(aoph^\ 

8IE,    " 
As  notices  of  Capt.  Kater's  experiments  on  tbe  length  of  tbe 

fieodulum  hare  occasionally  appeared  in  your  journal,  tbe  fol- 
ciwing  remarks  relative  to  that  subject  may,  .perhaps,  be  allowed 
a  place  in  it.     I  am,  Sec.  Sec.  jX.     ' 

An  article  appeared  in  tbf  Edmburgh  Review  for  Woferaber, 
1820,  girmg  an  acconnt  of  Capt.  KatePs  experiments  for  deter- 
laming  tbe  length  of  the  pendulum  at  different  stations  in  Great 
'Britain  ;  and  the  writer  has  made  some  observations  wtech  seem 
*>  be  founded  in  an  erroneous  view  of  some  of  Capt.  Kater's 
"vtatementa.     At  p.  343,  the  following  passage  occurs  :  ' 

"  Capt.  Kater  seems  to  bare  mistaken  the  import  of  I>r. 
Young's  statement,  wh*n  he  uses  this  correction  fcjrtbe  attrac- 
iitm  of  the  *  elevated  part  interposed  bitweeii  the  general  surface 
and  the  place  of  observativn^  nothing  being  said  of  htterdl- 
attraction  caused  by  mrroundivg  matter.  But  Capt.  K.  appfes 
tile  correction  for  the  error  produced  by  hilb  lying  round  -the 
point  of  observation," 

On  tiiis  passage  I'have  to  remark,  that  Oapt.  Kaber  does  ndt 

■apply  the  correction  for  the  error  produced  by  hills  lying  roand 

the  point  of  observation.     Indeed  the   only  proof  which  this 

writer  brings  to  support  hia  chaise  is,  that  Capt.  K.  says,  "  the 
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388  Oh  Capt.  Kater^i  Evpmmnts  dt^  the.  P.tndulam.  [Mat, 
height  of  tbe  station  at  Unstwas  found,  to  be.28  feet  above  low  j 
watei;;  wbeane  wehave  0*13  for.  the  correction,  as  deduced  from  ' 
Ihe  squares  of  the  distances  from  the  earth's  centte ;  and  as  the  j 
station  at  Unst  was  surro«Ju/£(f  by  hills  composed  of  serpentiDe,  ' 
I  sbalt  take  0"  12  x  ^  =  0-TJ6  for  the  correctioa  to  be  apphed  in  I 
order  to  obtain,  the  number  of  vibrations  which  would  be  made  . 
•t  the  level  of  the  sea.^(Phil.  Trans.  1819,  Puit  III.  p.  354.)       I 

Here  it  is  surely  ob,viqu^  that  he  iatroduces  the  consideration  i 
of  the  nature  of  the  hiUs  surrounding  his  station,  not  for  the  pur- 
pose of  applying  a  correction  for  their  attraction,  but  as  afford- 
jDg  a  presumption  of  what  nught  be  the  nature  of  the  subatratiue 
of  the  place  of  observation ; — a  consideration  which  Dr.  Youog') 
lule  requires  to  be  introduced,  as  the  correction  varies  not  mIj 
with  the  nature  of  the  eminence,  but  also  with  its  density. 

Having  thus  attempted  to  pjake  out  that,  Qapt.  K,  has  mistaken 
and  misapplied  Dr.  ^..'s  rule,  this  writer  next  proceeds  to  find 
feult  with  the  quantity  deduced  from  the  rule.  After  quoting 
'  Dr.  Y.'b  account  of  his  correction  from  the  Phil.  Trans.  1819, 
Part  I.  p.  93,  and  stating  that  the  correction  for  a  tract  of  table 
land  of^amile  in  thickness  will  be  -fif^  of  the  whole  correction 
for  elevation  ;  be  proceeds  to  remark,  "  If  this  be  the  case,  we 
cannot  perceive -the  grounds  on  which  Capti  K.  takes  ^j  only  a  j 
little  less  than  -^^  for  the  correction  applicable  to  an  elevation  of  I 
28  feet,  in  the  actual  state  of  the  superficial  inequalities.  We 
may  have  overlooked  some  step  in  his  reasoning,  or  Dr.  Y.'s; 
'     but  we  feel  bound  to  state  our  difficulty  as  it  occurs." 

There  is  doubtless  some  difficulty  iu  the  case ;  but  from  Dr.  | 
Y.'s  own  words,  it  appears  that  he  considers  "  that  for  a  place 
situated  on  an  elevated  tabic  land  of  a  mile  in  thickness,  of  tlit 
mean  density  of  the  earth,  the  allowance  foi-  elevation  would  be 
reduced  to  one-half;  and  in  almost  any  country  that  could  be 
chosen  for  the  experiments,  it  must  remain  less  than  three 
fourths  of  the  whcjl^  correction  deduced  immediately  from  tbe 
.dfiplicate  proportion  of  the  distances  from  the  earth's  centre. 
Thus  the.  conection  (as  Capt.  K,  remarks)  will  vary  according  to 
the  nature  of  the  elevation,  and  also  its  density  from  one-half  tfr 
three-fourths  of  the  quantity  before  deduced.  In  auu  situatios 
it  will  not  be  reduced  less  than  one-half;  nor  more  than  three- 
fourths.  These  considerations  seem  to  have  been  overlooked  by 
this  writer ;  still,  however,  I  do  not  mean  to  assei-t,  that  the 
.numbers  are  absolutely  conect.  It  is  to  be  wished  that  boto 
Capt.  K.  and  Dr.  Y.  had  given  a  more  detailed  account  of  the 
method  of  finding  this  correction. 

In  a  subsequent  page  (347),  this  writer,  observes ;  "  from  the 
'  great  disturbing  force  at  Arbury  Hill,  we  may  infer  that  tbere 
«xists  very  near  it  a  mass  of  matter  of  considerable  dena^- 
Capt.  K.  conjectures  that  this  mass  is  Mount  Sorrel,  which  con- 
sists of  granite,  and  other  rocks  of .  prinutive  formation  an 
situated  in  its  vicinity." 
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'  Wow  here  it  "ia  to  be  observed,  that  Capt.  K.'s  conjecture  is 
misrepresented,  as  will  be  clear  •from  a  reference  to  his  own 
•words,  Phil.  Trans.  1819,  Part  III.  p. 425: 

"  It  would  be  no  improbable  conjecture,  that  the  suddeit 
increase  of  gravitation,  observed  at  Arbury  Hill,  maybe  occa- 
sioned by  a  rock  of  primitive 'formation  approaching  the  surface 
of  the  earth  in  the  vicinity  of  that  station." 

He  then  subjoins  in  a  note,  "  I  find  the  conjecture  I  have 
hazarded  remarkably  supported  by  fact ;  for  on  consultingj- 
Smith's  Geological  Map  of  England,  it  appears  that  Mount 
Sorrel,  a  mass  of  graflite,  is  situated,  together  with  other  rocks 
of  primitive  formation,  about  30  miles  to  the  N  of  Arhtury  Hill." 

This  is  surely  very  different  from  saying  that  the  attracting' 
mass  is  Mount  Sorrel.  TTiat  rock  is  obviously  mentioned  only 
to  show  the  probability  that  graiiite  may  form  the  substratum  of 
some  point  near  the  place  of  observation. 


Article  XII> 

'    Proceedingi  of  Phiiosop/iical  Societies, 
llOKAL   SOCIETY.     , 

April  5. — A  paper  was  read,  "  On  the  Separation  of  it6a 
from  olJier  Mfetds,"  by  J.  F.  W;  Herschel,  Esg.         -    . 

Mr.  Herschel  proposes,  as  the  basis  of  a  rigorous  Bepaiation 
of  iron  from  the  metals  liot  precipitated  by  sulphuretted  hydro- 
gen which  it  most  usually  contaminates  (manganese,  cerium, 
nickel,  and  cobalt),  a  pecuharity  in  the  peroxide  of  iron,  in  virtue 
of  which  it  is  incapable  of  subsisting  in  a  neutral  solution  at  the 
boiling  temperature.  If  a  solution  of  this  peroxide  be  neutral- 
ized when  cold,  and  then  heated,  a  portion  is  deposited  in  the 
stats  of  a  subsalt,  and  the  Uquid  becomes  acid.  If  allowed  to- 
cool,  and  again  neutralized,  a  fresh  portion  of  the  metallic  con- 
tents separates  on  re-applying  the  heat,  and  so  oh,  till  the  quan- 
tity held  in  solution  is  no  longer  sensible  to  the  most  dehoate 
reagents.  If,  on  the  other  hand,  the  neutralization  be  performed 
while  actualti/  boiling j  we  attain  this  limit  at  one  operation. 
Hence  Mr.  Herschel  recommends  the  following  process  :  Hating 
pieroxidized,  by  means  of  nitric  acid,  a  solution  containing  iron 
Euid  any  ofthe  above-mentioned  metals,  drop  into  it,  wki/e  boil- 
ing, carbonate  of  ammonia,  till  the  acid  reaction  is  entirely 
destroyed,  and  even  going  a  little  beyond  thepoint  of' exact neu-- 
trahzatioti.  The  whole  of  the  iron  to  the  last  atom  is  sepa- 
rated, while  the  liquid  retains  in  solution  the  other  ■  metallic  ■ 
oxid^,  as  vtetl  as  the  tttiuule  portion  of  tbeir  carbonates  due  to- a 
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d^fit  Ptnmdiwgf  of-PhiioKfhiad  Societies.  [Ha£v,- 

trifliag  exxxss  nf-tkp  alkaUne  BreaijattaU:  in  the  cues  of  cobtlt 
and  ceninai,  tlie  alkaline  caroonaU  may  be  added  in  coD»d<«ir- 
hie  excess  without  separetinsany  of  those  loetals,  aud  th^ 
solKtioii  so  &eeit  from  ironis  theft  a  mast  delicate  testot  the  pre- 
ileoce  of  the  latter  metal, 

.  April  12. — A  paper  was  read,  Oo  the  Mean  Density  of.  ths 
Earth,  by  Dr.  C.  Hutton. 

At  the  same  eieeting  a  paper  waa  read,  On  tbe  ReBtontioawf 
a  Portion  of  the  Urethra  in  the  Perinseum,  by  H.  Earle,  Esi]. 

GEOLOGICAL    SOCIETY. 

Fei.  16. — An  introductory  essay  on  the  Get^gy  of  Xodie,  if . 
H.  T.  Ctdel»oofce,  Esq.  MGS.  was  read. 

The  physical  geokigy  of  India  may  be  cotsidcved  aa  fe^fllving 
itself  into  three  gi«at  divisions ;  viz.  1 .  The  peninsular  tract. 
which  constitutes  the  south  of  India;  2.  ThebakofflateouBtzy 
*  extending  from  sea  to  sea,  and  distinguished  by  the  name  of 
Middle  India;  3.  The  continental  mountains  which  form  the 
northern  limit  of  India,  rising  between  the  middle  region  and 
the  vast  extent  of  Tartary,  and  extending  more  than  15°  of  lon- 
gitude in  a  direction  from  WNW  to  ESE. 

In  the  champaign  country  constituting  middle  India,  three 

Sincipal  divisions  m^  be  noticed;  1,  The  tract  watered  by  the 
anges  and  its  tributary  streams;  2.  ATractwateredbyUielnduB; 
and,  3.  The  intermediate  desert,  on  which  the  Saraswat^  loses 
i^aetf. 

Of  this  country,  a  strikijftg  feature  is  the  total  abseoee  of  pebble 
or  roHedstones  ofanykind,  except  in  the  beds  of  the  nvas>  for 
afeiW  miles  after  they  quit  the  hills ;  and  the  subsoil  of  ttes  plun: 
is  every  where  earthy  and  comminnted^  exo^fe  in  -eieitaia 
iastances,  where  nodules,  or  e<»icretJoas,  have  been  found- 
Throughout  this  extensive  plain,  there  is  n^tber  mine  nor 
qilany:  the  banks  of  tike  river  being  usually  p*ecq>itoua  'Oiioae 
side,  a«d  shelving  on  the  other,  exhibit  sectionB  of  strata  dofiu 
to  the  level  of  their  beds.  Scarcely  any  other  natural  sectioa  is 
found ;  aad  the  sinking  of  wells,  or  bc«iiig  for  watei^  is  the  only 
cf^rtuoity  wbicli  art  presents  for  the  e^taminatioQ  of  strata. 

The  sunace  is  every  where  alluvial,  and  the  stntta,  aa  far  as 
they  have  been  observed,  are  horizontal.  Benealh  the  supeeft- 
cial  mould  the  subsoil  is  sand,  clay,  or  l,Qam  in  layers  mpre  <« 
less  iateripixed,  and  distinguishe'd  by  colour  ortaxture.  Ib  t^ 
ioferior  strata  of  clay,  noduUs  or  coocratioos  oif  ^e  same  aub- 
stssMse  are  soaietimes  net  with.  The  upper  strata  (^  siliceous 
suid,  as  well  as  that  fDuiul  inthe b?d  of-tke  Gaages,  generally 
ahoi^  iu  fragments  of  micB ;  but  in  sowe  plaeasy  beds  of  send 
contointnated  with  aak,  aod  in  others,  beds  excktBrrely  coDapowd 
of  liak,arG  fobod,  '  ' 
'  lit  a.xeiy  t«w  Bpot«,  fetid  aA  no  gre&t.4tefith  bdov  the  sudaoo^  - 
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nodules  ^or<c^ca(eaBS  nature  and-ircsgulaTAheiiB  are  met  witb,' 
-whieh^.  on  calcidftCioB,  sfiecd  au  iniouce  lima ;  but  jbhroiighout 
tbe  low  coHQtiy,  limestoiM  i»  gemarolly  deficienU.  A  sma'j  liitl  at 
Miemihwi)  in  NorthSengat,  betag  one  oC  the  fe.w.  infitanx:e&of 
detached hiHb inthe  midst  of  this'chanipaigiiB  couatty,  is  a^rook 
oonipoaed  o^roundb*!  pebbles  %iid  aagular  nodoles. imbedded  io. 
a-  c«in£nt  of  like  natyre,  but  different  colora.  Both  efferreace 
wBCb  ftci<lB,  itai  the  oeme^t  leavca  the  larger  kts(duble  pro- 
portion.    ■  . 

In  some  places,  at  a  considerable  depth  below  the  surface ; 
for  instance,  at  Calcutta,  at  the  depth  of  30  to  35  feet,  fossil 
wood  not  petrified,  but  more,  or  less  roUsa  anil  decayed,  is 
fooad,  and  sometimes- in  large  blocks,.  Vegetable -petrifBctions 
avs  also  soaaatinteamet  witb^  and  in  particular  ailicitied  wood.  < 
-  Except  fn^ments  of  shells  abounding  in  the  fltviatile  aaai, 
no  animal  exuvide  have  as  yet  been  fouud  within  (he  tiihit£  of. 
tbe  low  coooti^  of  Middle  India. 

March  2. — ■Part  of  an  "  Outline  of  the  Geology  of  Russia," 
by  the  Hon.  W,  I.  H.  F.  Strangifcays,  MGS.  rfas  read. 

Of  the  Rufifiian  empire,  the  two  great  divisions,  viz.  Hussia, 
properly  so  called,  and  Siberia;  must  be  considered  in  a  geolo- 
gical point  of  view,,  as  perfeclly  independent  ot  each  other,  tlie 
same  boundary  dividing  the  two  6ountrieg,  and  the  two  tracts  of' 
secondary  formation  belonging  to  them.  The  empire  contains 
five  prindifiid  mining  districts ;  viz.  two*  in  Eucqpe,  tws  in  Asia, 
and  one  on  the  conhnes  of  Bussia  and  Sibeiia.  Those  in  Euro- 
pran  RnB8ia.Q«e  liieaorChsraor  Fianish:.<lisbict,:«iid  tbe  central; 
the  IbrBier  ceaahing  from^the  gulf  of  Bothnia. to, tbe  lakm  Onega; 
the  latter  stretching  across  the  country,  in  wn  pbli^e  direction, 
from  the  government  of  Kulouga  to  that  of  Wishegorod.  The  ■ 
border,  or  Oural  district,  comprehends  the  Oural  mountains  as 
far  as  they  have  been  esplored.  The  two  mining  .districts  that 
tiaeottculy  within  the  frontier  of  Siberia  are  thereof  Koly  van,  on 
the  west  frontier  of  China,  and  Nerchinsk,  on  the  frontiers  of 
Ohina  and  Siberia, towards  tbe  P.aciBc  Ocean.  . . 
.  In  tfaverttng .  Ruasia  from  oorti)  to  south;  .w«  .find  a  great 
extent  of- pramitive.  country  comprehending  BASeift.,  Lapland^ 
01d,and  New  Finland,  tbe  noirthern  paj-ts  af,Ca[iel»,.ar[d  pwt  of 
the  government  of  Olonetz,  and  forming  evidently  a  prolongation 
of  that  of  Sweden,  with  which  it^.  connection  may  be  traced  by 
the  Isles  of  Aland,  on  the  s»uth  by  those  in  the  centre  of  the 
Gulf  of  Bothnia,  and  by  tha  Lapland  chain  of  moUn^ins  on  the 
nftith.  Of  tliis'  distriot,  the-  nBFthera  parts 'are -said  to  consist 
principally  of  trap  rocks,  the,  central  ^f  gneisfi>  and  other  vari«- 
tieS'Of  sahistose  rocks;  while  the  notthem  border  is  composed 
eitirely  of  granite. 

The  islands  of  Pargas  in  the  Gulf  of  Bothnia,  about  two  milM  - 
BOUth'Of  Abo,  present  in  genend  the  same- features  as  the  main 
lattd,  being  in  faot  bufroentiniiatioiiB  of  ^  ^ills  of  tiie  coDliaBatw  ^ 
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On  one  of  the  principal  islands  of  this  ^oup,  the  oraeral,  knows 
by  the  name  ofpargasite,  ie  found  in  one  oe  more  laige  veias.  of' 
white  primitive  limeatone  which  traverse  .th«  islapd  from  side-  to 
side,  and  which  seem  to  bear  some  aoalpgy  with  respect  to.  th^ 
geological  situation,  and  their,  external  characters,  to  the  lime- 
stone of  the  Hebrides,  especially  in  the-  Isle,  of  Ttrejr;  The 
country  through  which  this.  limestone  passes  is  gneiss,  the 
fissures  of  wmch  are  in  a  direction  parallel  to  the  course  of  the 
TeJD.     The  breadth  of  the  vein  varies  from  20  to  100  {«fit, 

ASTRONOMICAL    SOCIETY. 

Afril  13. — A  paper,  from  Mods.  Nicollet,  qf  the  Royal  Obser- 
vatory at  Paris  (communicated  by  the  Foreign  Secretary),  was 
read  this  evening :  it  contains  his  own  calculations  of  the . 
elements  of  the  comet  lately  discovered  by  him  ia.the  Constdht- 
tion  Pegasus.;  theyare  as  follows,  viz. 

Perihelion  passage,  March  21 9°    33'    7*  Paris  rime 

Perihelion  distance 0-091113 

Log.  Perihel.  dist. . . . . ; 8-9595327 

Longitude  of  ascending  node 48"  32'    12" 

Longitude  of  perihelion  (on  the  orbit)  239     18     37 

Inchnation  of  the  orbit 74     10     53 

Motion  retrograde. 

.A  paper  likewise  on  the  same  subject,  transmitted  to  the 
Society  by  Rr,  Olbers,  one  of  its  associates,  was  read ;  it  con- 
tained the  following  elements  calculated  by  Professor  Encke,  of 
Seeberg,  by  Professor  Nicolai,  of  Manheim,  and  by  Mons.  Von 
Staudt,  ofGottingen. 


Pref.  EndiB. 

Prof.  Nkolu. 

M.  Von&uidt. 

Perihel.  passage  , , 

Long,  of  perihel. . . 
Log.  perihel.  dist. . 
Loog.  ascend,  node 
inclination  of  orbit. 

Mar.  21.  403 
M.T.  Seeberg. 
239°  20'   46" 

8-95966 
48     34    37 
74      6       0 

Mar.  21.  6016 
M.T.Manheim 
239°  34'     6" 
8-96466 
48    43    34 
73     23     15 

Mar.  21.  6026 
M.T.  Gottini; 
239°  36'     0" 

8-9641627 
48    45    44 
73     16    33 

Motion  retrograde. 

In  thjs  paper  also  allusion,  is  n)ad&  to  the  arwipailoas  appear- 
ance lately  observed  on  the  moon's  disc,  of  which  it  will  be 
remembered  that  an  account  was  presepted  to  the  Koyal  Society 
by  our  countryman  Capt.  Ka,ter.  ,  The  Doctor,  however,  diSera 
from  the  British  philosopher  as  to  the  cause  of  the  phenomenqo, , 
and  does  not  consider  it  volcajiic.  -4 

A  Description  of  bh  improved  Repeat>)W  las^ntme^t,  by 
CipoTge  DoUcwd,  FRS:.  apd.mctmber.ot  this  Bo<ciety,  yras  th^o..: 
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read.  Itsadvanta^  ov&t  btiten'ath  obtained  by  applying  a 
nmareme  vxia  to -the  telesc6pe  and  decKnirtion  circle,  tnereby 
gmn|5  them  all  the  perfectibos  of  the  transit  iHstniment;  without 
diminishing  (Jieh  repeating  propMies;  and  by 'the  application' of 
two  leveh  alternately  becoming  finders  to  the  telescope,  which- 
render  the  back  semicircle  unnecessary,  a  contrivance  which 
saves  much  losa  of  tim6  when  repeating  zenith  distances.  The 
instrument  is  also  constructed  to  repeat  in  azimuth,  and  is  fur- 
nished with  a  very  delicate  level,  as  a  check  upon  the  horizontal 
circle,  and  which  aoswers  all  the  purposes  of  an  under  telescope. 
'  The  object  glass  of  the  telescope  is  of  two  inches  diameter,  and 
'  17  inches  focal  length :  with  it  the  ptJe  star  may  be  distinctly 
observed  in  the  day  time.  The  angles  are' read  off  to  e*ery 
tenth  second  by  vernieraand  fixed  microscopes. '  The  instrQment 
differs  from  all  others  previously  made ; '  is'  fnmished  with  every 
requisite  for  ascertainmg  vertical  and  horizontal  angles,  and 
which,  if  taken  singly,  may  be,  in  the  author's  opmion,  as 
correctiy  obtained  by  this,  as  by  any  instrument  of  the  same 
dimensions  not  possessing  the  repeating  principle.  , 


Article  XIII. 

SCIENTIFIC    INTELLIGENCE,    ANH    NOTICES    OF    SUBJECTS 
CONNECTED    WITH    SCIENCE. 

I.  Purple  Powder  of  Camus. 
Dr.  Clarke,  of  Cambridge,  Has  recently  examiued  the  purple  pow- 
der of  Cassius;  Bfld  from  his  experiments,  he  concludes,  that  the  bma^^ 
compound  whi<ii  he  analysed  consisted  of  the  oxides  of  tin  and  gold, 
and  contained  these  oxides  cheniica^y  combined  in  the  exact  propor- 
tion of  three  parts  of  tin  to  one  of  sold;  and  that  the  alloy  of  the  two 
metals  obtained  by  the  fusion  of  100  parts  of  the  purple  powder 
would  yield 

Metallic  tin, .. ; 75 

Metallic  gold 25        

100 
Because  S-IOtha  of  a  grain  of  the  alloy  yielded 

Metallic  tin P;6 

Metallic  gold 0^ 


Dr.  Clarke  also  infers,  that  in  precipitating  the  purple  powder  of 
Cassius  from  the  muriate  of  gold,  by  means  of  the  muriate  of  tin,  the 
two  melals,  tin  and  gold,  are  thrown  down  as  oxides,  which,  however, 
do  not  chemically  combine  in  a  coostaat  relative  propffction  tp'  e«i*i 
other;  that  the  quantity  of  tin  always  e^ce^ds^ato^ttte^oUiaitdithtt 
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thedififemnce  obscrrableM  die  hu^  of  tlis  pre(ri{utate  mnio  at  dittv» 
est  times  is  to  be  Mcribed  ta  the  dJfiereDt  pmpottioBs  in  ipfaiob  ibe 
oflkleB  of  ^  two  metjda  have  aotabin'ed  tiq^tker,  and|  pefifa«{w,  riao 
to  their  diflbraat  d^rae*  of  oxidalicm.HTnBBftDtimMif  theCflinbridgtt 
fluloK^bicat  Sociaty.) 

II.   Quantitj)  of  Copper  raised  in  Cornvidl,  ■ 
In  Sin  Months, ending  Jvne  \BiQi 
The  pfoduee  of  58  mines,  3327  tons ;  of  wfitch,  1796  tons  were  pro- 
duced oy  sixouoee  a*  under : 

On.  Copper. 

UnitednineB 5005  toD» «194^tao8 

W.  Abraham, &c 5*96  ........395 

Dolcoath -tyoi  3*5+ 

Treikerby. .: 2313  197 

WbealSquire 23SS  ........   195+       , 

Crennis 2407  183+ 


Produce  of  the  ore  about  7i  percent. 
Price  of  copper,  131/.  per  ton. 

in  Six  Months  ending  Dec.  1819. 
The  produce  of  74  mines,  3477  tone;  of  which,  1768  tons  were  pro- 
duced by  six  mines  as  under : 

Ore.  Copper. 

Uiiited  mines 5817  tons 482  tons 

W.  Abraham 5655  S95 

Dolcoath 5305  375 

WhealStjuire. 2053  188 

Ti«Mk«*y «170  1«5 

WhealUnity,4c 1873 148 

22873  1768 

R-oduce  of  the  ore  about  7-1  per  cent. 
Price  of  copper  124/.  per  ton. 

■    In  Six- Months  ending  June  1820. 
The  produce  of  65  mines,  3545  tons;  of  which,  1760  tons  were  pro- 
duced by  six  mines  as  under : 

-      ■  OlB  '  CojpMt 

United  mines 5798  tons 511  tons 

Dolcoath..:.. 54S8  406 

W.  Abraham,  Ac.: 5298  ....    M64 

Treskerby.-.- 2206  ; 223 

Wheal Uhity.&c 1693  l30 

.     WbeaL Squire .,...:...   I4;i5 126 

■'■  '  '■;■■■■'.  21848     .-     '.    ,\     1760.'  .■   .     ,      ,. 


-VHtdMe'sTtheOre  Ount  8  pereent. 
-MM-a£  tr^^ir,:  114/.' per  urn 
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In  Six  Mon 

.  The  produce  of  72  miaeu.  S! 

diised'  by  sut  mineB  as  uuler  : 


In  Six  Monlkt  en<fwg  Dec.  \B20. 
The  produce  of  72  lainea  S9S2  tons^  ofwblclii  iS91  taiiAwera.|i 


UnUed  mines 5594  too* ASl  toM. 

Dolcoath 5665  . . . .  j.  ..    403 

Wheal  Abraham,  &c  . .   5069  386 

Treskerbj 2199  213 

Wheal  Drewollas 2074 ■985 

Pembroke 2612... :.   «l 

23213  1891 

FMduce  oTibe  ore  diout  Bi  per  cent. 

Price  of  copper,  113/.  10*.  per  ton.  , 

General  Return  of  Copper  raised  in  England  ancT  IrddniT. 
One  Year  ending  June  1^19. 

Tons.     CwL  Qi*.     .     . 

Cornwall eW+      3  2    .  .  :     i 

Anglesea £64      0  'O  -  i 

■  Devon 433      0  0 

Ireland,  Ecton,  and  other 

siinea    in   Staffordshire  .  '    i  -. 

and  elsewhere* 586    K)  8     . 


8567  13  J.    -, 
One  Year  ending  June  \^'^. 

IToDi.  C*bi.  (^   , 

Cornwall 6915  4  1 

Anglesea 561  O'  0    ■ 

Devon 414       0  0 

Ireland,  Ecton,  and  Mher 
Mines  in    St«ffordBhire 

and  elsewhere* 813  11  1 


8703     IS.      2 


III.  Native  Htfdrale  of  Magnetia, 
The  native  hydrate  of  magnesia  was  first  di 
a  aeparaf e  miner^,  by  the  iate  Dr.  Bruce,  of 
.  osiy  atHoboken,  in  Illevr  .IcrBey,  traversing si 
in  veins  of  from  a  few  lines  to  two  inches  in  th 
'  Dr.  Hibbert  found  this  substance  in  IHI7  a 
of  the  Shetland  Isles,  traversing  terpentine 
ntixedwith  themagneaian'carbonate  ofHnie, 
hMPaM  inch  to  jIti  or  eight  inches  broad. 
:  Cimioat  Ckarachj-.—Hjinte  of  rmpKM  dissolvei  eittitdy  *i' 
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muriiUic,  nitric,  and  dilute  sulptiuric  acids ;  and  from  its  aolution  ia 
muriatic  and  sulpliuric  acids,  the  deliquescent  salt  of  muriate  of  mag- 
netitt  and  r^utar  crystals  of  aulf^ate  of  raagneria  were  obtained,  (nt 
some  occasions,  a  very  slight  effervescence  takes  place ;  but  this  no 
doubt  arises  from  adhering  particles  of  carbonate  of  lime,  or  from  a 
■mall  quaathy  (^  carbonic*  acid,  which  may  have  been  absorbed  by 
exposure  to  tbe  atmoapheie.  - 

The  following  analysis  of  this  mineral  has  been  uade  by  Df .  Fyfe ; 


100-00 
(Edmburgb  Philosophical  Jounnl.) 

IV,  Retails  of  Experiiaenls,    with  a  Magnettmeter  invented  by  Mr. 

Scorcihij. 

1.  Iron  bars  become  magnetical  by  position,  excepting  vA\ea  placed 
in  die  plane  of  the  magnetic  equator;  the  upper  end,  as  regards  the 

Iiosition  of  the  magnetic  equator,  becoming  a  south  pole,  and  the. 
ower  extremity  a  north  pole. 

'  3.  No  attraction  or  repulsion  appears  between  a  magnetized  needle 
and  iron  bars;  the  latter  being  free  from  permanent  magnetism, 
whenever  the  iron  is  in  the  plane  of  the  magneljc  equator;  conse- 
quently, by  measuring  the  angle  of  no-attraction  in  a  bar  placed  north 
and  south,  we  discoTcr  the  magnetic  dip. 

3.  Before  a  niagnet  can  attract  iron,  that  is  totally  free  from  both 
permanent  magnetism  and  that  of  position,  it  infuses  into  the  iron  a 
magnetism  of  contrary  polarity  to  that  of  the  attracting  pole. 

4.  A  bar  of  soft  iron  held  in  any  position,  except  in  the  plane  of  the 
m^netic  equator,  may  be  rendered  magnetical  by  a  blow  with  a 
hammer,  or  other  hard  sijbsfancei  in  such  cgses,  the  magnetism  of 
position  seems  to  be  fixed  in  it  so  as  to  ^ive  it  a  permanent  polarity. 

5.  An  iron  bar,  with  permanent  polarity,  when  placed  any  where  in 
the  plane  of  the  magetic  equator,  -nay  be  deprived  of  its  magUetistn 
hj  a  bloiy. 

6.  Iron  is  rendered  roagnietical  if  scowered  or  iiled,  bent  or  twisted^ 
"when  in  tbe  position  of  the  magnetic  axis,  or  near  this  position ;  the 
upper  end  becoming  a  south  poie,  and  the  lower  end  a  north  pole; 
but  the  magnetism  is  destroyed  by  the  same  means,  if  the  bar  be  held 
in.the  plane  of  the  msgoetic  eqoator. 

7.  ^on  heated  to  i:ednets,  and  quenched  in  water,  in  a  vertical 
position,  becon^s  magnetic;  the  upper  end  gaining  south  polarity,  and 
the  lower  end  north. 

8.  Hot  iron  receives  more  magnetism  of  position  }liaa  the  same 
when  cold. 

9.  A  bai;-magnet,  if  hammered  when  in  a  vertical  posidon,  or  in  tbe 
position  of  the  magnetic  axis,  has  its  power  increased  If  the  south 
pole  be  upward,  and  loqes  some  of  its  magnetism  if  the  north  end  be 
upward. 

r.llO.  .A  bv  of  soft  steel,  without  jnagvatio  virtue,  has  its  magwtude 
of  position  fixed  in  it  by  hammering  it  when  in  a  vertical  posituuft  abd 
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loses  its  magoetumby  being  £tTucli.whfen  in  the  plaDeoftbamagnsdc 
equator.    -       , 

11.  An  electrical  discharge,  made  to  pass  tbrongh  a  bor.of  irbb, 
deyoid  of  mt^netiim,  when  nearly  in  tne  petkim  of  ithe  magaetic 
axis,  renders  ttie  bar  magnetic ;  tbe  upper  end  becoiiing  m  south  p«ie, 
and  the  lower  tni  a  Domt  pale ;  bat  ttie  diadiacij^  does  oiic  produce 
any  polarity,  if  the  iron  be  placed  in  the  pfaue  of  tbe  nngnettc  equa- 
tor. The  effects  appear  to  be  the  same,  whether  tbe  dischuge.be  made 
on  tbe  lower  or  upper  end  of  the  bar,  or  whether  it  iG.paned.longiHi> 
dinally  or  transversely  through  the  iron. 

18.  A  bar  of  iron  possessing  some  niagnetisrahaa  its  polarity  dimi- 
nished, destroyed,  or  inverted,  ifaa  electric  discbarge  be  passed  througb 
it,  when  it  is  neariyin  the  position  of  the  magnetic  axis,  provided  Uie 
south  pole  of  the  bar  be  downward,  while  its  ntagnctium  is  weakened, 
or  destroyed,  if  it.  receive  the  shocli  when  in  the  plane  of  the  magnetic 
«q^^tol■.  . 

13.  Iron  is  rendered  raagnetical,  if  a  stream  of  thaelectric  £uid  be  ' 
passed  .through  it,  when  it  is  in  a  position  nearly  corresponding  with 
that  of  ihe.mt^Detic  axis;  but  no  eSect. is  produced,  when  the  iron  is  in 
the  plane  of  the  magnetic  equator.— (Ediaburgh  FhUaaci|ihiaalioaTaBil:) 


V.  DuMdion  qfCr^stuU^ 


M.  Faraday  found,  that  the 
which  are  crystallized  in  large 
illustrate  Mr.  Danlell's  mode  ' 
section.  On  introducing  sucl 
fused  sulphuret,  and  continuinj 
so  far  from  tliis  .taking  place 
sometimes  he  IcH  more  than  I|: 
in  other  places,  tbe  cavities  lei 
have  EucQ  perfect  surfaces,  th. 
tnay  be  readily  ascertained. 
only  necessary  to  remove  the  h 
bath,  and  allow  it  to  cool.— (Inai 


Article  XIV.   ' 

.        NEW  SCIENTIFIC  BOOKS      ,        '    ,.     ' 

PB^l.IIia  Full  MBtlCMOK,  '    ''  ' 

Mr.  Swainsonis  preparing  for  publication,  Enotic  ConcholiJ^^,  r 
Work  to  consist  of  coloured  Plates  of  rare  and  nondescript  Shells. 

A  General  History  ofBirds,  by  J,  Latham,  MD.  &c.  Author  of  the 
Synopsis  of  Birds,  &c. 

The  Fossils  ofthe  South  Downs  ;  or  Oattlnes  of  the  Geology  of  tbe 
South  Eastern  Divisiou  of  Sussex,  by  Gideon  Mantell,  FLS.- 


A  Manual  of  the  Diseases  ofthe  Human  Eye,  from  the  best  National 
and  Foragn  Works ;  translated  from  tbe  German  of  Dr.  Weller,  'ud 
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higbly  coloured  PJateS)  uid  one  Plate  of  Instniinentj.     2  vob.     Svo. 

Practical  Oluvrratioas  «n  Midwifiny.  9f  John  Kamsbottoni,  MD. 
8«o.    Pvti.    )X)£.6of. 

The  Hiatal^  of'tjie  Plague,  as  It  lately  appeared  at  Mihn,  Oom,  att. 
.  fly  J.  D.  T^ly,  Esq.   8»o.  .  - 

A  Pnctical  TrentJBe  on  the  Inflammatory,  Organic,  and  SyBBpa<W 
-lie  Ciceaies  of  ^  Heart;  alsoon  Rlatfonnation,  AneoriMi,  Jte.  By 
Henry  Heed«-,  MD.  RMS.  Edin.  and  MCS.  Land, 

The  luMh  Nmmber  of  FeruBHc's  Naeoral  Histeiy  o£  Land  and 
3ErMfa«M».  Shelli.i8  )urt  publidMd. 

Us^u)  Knewtedge,  -or  a  Faniliar  Acovant  of  the  varioDS  Pr^ue- 
.  lions  of  Natuve,  Minsral,  Vegetable,  and  Aimnal.  By  the  Rev.  W. 
Jiijriey,  AHu    ThirdEdk,     SvelB.l£mo.     U.K.        .      . 

Transactions  of  the  Cambridge  Philosophical  Society.  W,  t. 
"fort  I.  to.     ]/. 

llhutratjoai  of  the  Ltniwan  Genera  of  Insecu.  By  W.  Wootf. 
PHS.  FLS.  Part  J.  with  14  coloured  Pldtes,  5«.  to  be  co^leted  n 
ax  moBtkly  Paiu. 

The  Natural  History  System  of  Mineralogy.  By  Frederick  Mohs, 
Profeawr  of  Mineralo^,  Fieiberg.    Sro.    &.  6rf. 


Article  XV. 

NEW  PATENTS. 

Thomas  Mostermaii,  of  Brf>ad-Btreet,  Ratcli^  csmmon  brevei:,  fbr 
certain  machinery  for  the  purpose  of  imparting  motion  to  be  worked 
hy  steam  and  water,  without  eiiher  cylinder  or  pi«toa,  and  with  leaa 
loss  of  power  than  occurs  in  working  air^  of  the  steam-eiigiiies  now  in 
■use.— Feb.  10,  1821. 

Robert  Stein,  of  Walcot-place,  Lambteth,  for  certain  improvements 
in  steam-engines. — Feb.  20. 

James  Foster,  nf  Sluurbrtdgtf,  Iran-  ataster,  R>r  certain  improvements 
in  the  manufacture  of  wrought  malleable  iron. — Feb.  20, 

Henry  Penneck,  of  Pensaace,  MD.  for  an  improvement,  or  im- 
provements, of  machineiy  to  lessen  the  consumption  of  fuel  in  working 
■team-engines. — Feb.  27.     < 

Robert  Burton' Cooper,  of  the  Strand,  London,  for. improvements 
on,  or  a  substitute  for^  Jtop^m,  >anve»f  loplids,  such  as  are  used  for 
bo.ttleit  tobacf^,  and  snuff^MBS,  iok-boldcrs,  and  ^arioos  4itfier  arti- 
cles letjuiring  steppers,  coveis, -or  Fide. —March  S. 

Jonathan  Uickson,  Holland -street,  BlackfiiaiB,  forvaluable  inyvove- 
ments  in  the  means  of  transmitting  heat,  and  ^so  in  the  means  «f 

Smsmitting  <iold  from  one  body  to  another,  whether  solids  or  ftoids. — 
tlrch  9. 

William  Frederick  Collard,  of  Tottenham<court-road,  for  certain 
improvements  on  musical  iMHrnmenta  ccdled  piano-tortes. — March  8. 
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Article  I. 

A  Mathematical  luquiry  into  the  Causes,  Laws,  and  principal 
PJnaiomata  of  Heai,  Gases,  Gravitation,  ^c.  By  John  He- 
rapath,  Esq.  (InaUtterto  D.Gilbert, Esq.  MP.  VPRS.&c.) 

(Cone/urfnJ  JVbbi  p.  3S1.) 
General  Scholium. 

Sudden  condensation  in  all  ^seous  or  aeriform  bodies  pro- 
<lnc«B  heat,  and  sudden  larefivction  cold ;  but  if  die  condensation 
or  rarefiaction  be  made  slowly,  no  perceptible  change  in  the 
temperature  takes  place.  These  are  natural  consequences  of 
ourtheory  of  the  cooatitutiooof  ^ases.  Forif  itbe  acondensa* 
tioD,  by  the  motion  inward,  for  instance,  of  one  of  the  sides  of 
the  containing  body,  it  is  evident  that  the  particles  which  strike 
against  this  side  and  are  reflected  back  among  the  rest,  will  no 
longer  be  reflected  by  the  same  force  only,  uith  which  tiwy 
vere  previous  to  the  commencement  of  the  condensation,  but  by 
a  force,  which  will  augment  their  velocity  individually  by  a 
quantity  equal  to  the  velocity  of  the  moving  side.  And  this 
«xcesB  of  velocity  being -distributed  to  the  rest  of  the  particles, 
or  communicated  to  them  by  the  continuance  of  the  stroke,  will 
generate  an  excess  of  temperature  throughout  the  medium  pro- 
portional -chiefly  to  the  velocity  of  condt:asation.  On  the  con- 
trary, in  the  case  of  rarefaction,  those  particles,  instead  of 
retomiog  among  the  rest  with  the  celerity  with  which  they  did 
before  the  aide  oegan  to  move,  will  now  return  with  a  diminu- 
tion of  tbeir  velocity,  equal  to  tlic  velocity  of  the  moving  side. 
'niis  diminution  must,  therefore,  cause  a  dectease  of  tempera- 

Nao  Series,  vol. I.  2  c  ,,,,.  ,^„  i.^Cioo'jIc 


402  Mr.ff«rapaikoniAeCauia,Latvt,andprincipai  {ivvK, 
tore  in  the  nudium,  in  the  same  manner  as  the  excess  of  velocity 
would  cause  an  increase.  Id  both  these  cases,  the  excess  or 
defeci  of  temperature  will  be  proportional  to  the  celerity  of  coa- 
densatioQ  qt  rarefaction,  ^u^osiDg  th^  time  occupied  by  the 
change  of  volume  to  be  of  «iimcient  length  for  the  stroke  to  be 
propagated  to  all  parts  of  the  medium.  Therefore,  if  the  celeritv 
of  the  stroke  be  great,  a  great  change  in  the  temperature  wiU 
ensue  ;  and  if  it  be  small,  there  will  be  little  or  none. 

Our  theory  of  gases  likewise  explains  another  phenomenon, 
which  has  usually  been  attributed  to  a  different  cause.  It  is 
well  known  that  if  two  gatet  bq  plfiixd  '^n  a|i^pcisitioa  with 
respect  to  each  other,  and  have  ever  so  small  a  communication, 
they  will  intermix,  and  become  equally  diffused  the  one  through- 
out the  other,  lliis  has  been  accounted  for  on  the  principle  that 
all  gases  have  a  slight  affinity  for  one  another,  or  in  other  words, 
that  though  the  parts  of  all  gaseous  bodies  individually  consi- 
dered mutually  repel  eacli  other,  yet  the  parts  of  different  gases, 
however  great  or  however  email  taat  difference  may  be,  mutually 
attriict  each  other.  It  is  repugnant  to  my  intention  to  attempt 
any  refutation  of  this  idea,  oi"  to  make  any  observatioof  on  the 
confusion  that  would  restlt.  irom  thus  burthening  nature  with 
hypotheses  ;  I  shall,  therefore,  merely  show  that  the  pheenome- 
non  in  question  is  an  easy  consequence  of  our  theory.  Soppoie 
that  portions  of  the  surfaces  of  two  media  are  exposed  to  eacb 
^other,  and  that  parallel  to  these  portionB  the  media  are  divided 
into  strata.  Then  because  a  difference  in  the  numeratoms,  a 
difference  in  the  motions  of  the  particles  of  the  two  strata,  or  a 
cornered  irregular  figure  in  the  particles,  would  render  it  impos- 
aible  for  the  particles  of  <Hie  stratum  to  be  «o  reflected  by 
the  particles  of  the  other,  that  each  stratum  would  retain  H» 
pjuticles  entire  and  unmixed  with  those  of  the  other,  the  two 
strata  would  intermix  ;  and  would  not  arrive  to  a  state  of  eqoili* 
IviquB  action,  until  the  particles  were  uniformly  and  equally 
dtsfKtsed  iiL  eacb  stratum.  For  the  same  reasom,  tiiese  newl^ 
impounded  strata  would  mix  with  tb^r  next;  and  thus  it 
would  go  on  stratum  intermixing  with  alJraXum,.  until  an  rauili- 
brious  action  throughout  was  restored,  by  the  equal  and  unifoRO 
iotermijtture  of  the  two  gases. 

Dy  the  same  pnttcipKs  it  is  easily  perceived,  why  gMet  e» 
readily  a6quire  the  temperature  of  the  surroanding  bodies ;  w^ 
th«v  tnosmit  teniperatare  so  ta^udly  and  ao-fceUy  in  right  lisM; 
ma  why,  according  to  the  maoiiET  in  which  Mr.  Le^ie,  Sit  H> 
Atvy,  and  MMt  IMong  and  Petit,  b«vB  made  their  expen- 
■aents,  it  isowing  to  the  gravitation  of  tbegaseaalone,  that  the 
lighter  gases  cool  bodies  immersed  in  them  quicker  than  the 
heavier.  WhMi  1  first  turned  i^  ttttcotiop  to  the  c«ebMe  poW 
of  vases,  I  was  surprised  to  find  from  my.theory,  that  w  gf^ft 
under  the  same  circumstances,  ought  to  cool  etptaU^  that.  Tfait 
iafeieno*  for  Home  tine  pnplexed  me  very  much.    A»  tooa, 
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however,  as  I  had  read  the  ingenious  treaiilKe  of  IVaf.LeiUie  im 
Heat  and  Moistnre,  and  had  TcoosideFed' anew  the  manner  itt 
which  Sir  H.  iDavy  had  conducted  his  experiment,  i^ich  were 
about  tiiat  iinke  pnblishei),  I  aaw  tbat  tbe  tiwar^  and  jduutoineBa 
still  agreed  ;  and  that  the  citcumstaDcei  of  my  inreEti^ioB  pw- 
<H8eiy  Coincided  with  Mr.  Leslie's  cooling  by  gaseons  polettjouc 
ivhile  tlfe  error  that  I  had  comtnitted,  witb  revpect  to  Sv.H. 
Davy's  experiments,  rested  whoHy  on  -my  not  bavmg  ttdcea  iot* 
ftecount  the  earth's  attraction.  - 

Their  temperatores  and  elasticities  being  the  same,  the  ntl» 
of  the  tmmeratoms  of  two'  homo^etMons  gases  appears  by  QiJr 
tiieory  to  be  equal  to  the  snbduplicate  ratio  of  the  weights  or 
flpeciflc  gravities  of  equal  vcdumes.*  Supposing,  therefore,  thnt 
oxygen  and  hydrogen  are  homogeneouB  (tbe  truth  of  which  in 
oxygen  I'mnch  doubt),  the  nmneratom  of  the  former  will  be 
quadraple  that  of  the  latter.  So  that  if  two  in  volume  ofhydn^ 
gen  nnlte  with  one  in  Voiame  of  oxygen  to  form'  Water,  the 
ettoms  of  oxygen  will  be  doable  in  number  those  of  hydrogen; 
«nd  the  numeratom  oftheoomponnd  gas  before  being  coodenaed 
will  be  the  geometrical  m^a  between  the  nnmeratoms  of  tiie 
two  simples.  It  has  oomttionly  been  conccaved  that  two  atone 
of  hydrogen  and  one  of  oxygen  form  a  particle  of  water ;  but 
whether  this,  or  whether  the  resuft  of  our  theory,  or  whether 
beither  of  them  be  true,  it  is  out  of  our  power  to  deteimine. 
Such  kind  of' speculations  transcends  the  com^oration  of  atnr 
experiment  yet  devised.  I  sim^Jy  mention  this  theerem,  wbiob 
ia  one  among  several  that  I  have  investigated,  rehitive  to  the 
mixture  of  gases,  to  give  some  sm^  idea  of  the  powers  of  ovr 
diebry  of  t&  uoiverse  for  unravelling  the  secret  operations  of 
nature.      ' 

By  the  same  theory  T  have  found  that  if  equal  portions  of  the 
same  gas  be  mixed  together  at  different  temperatures  F,  F,, 
ftccountiug  in  degrees  of  Fahrenheit,  according  to  l^e  indica^ 
toons  of  ue  air  thermometer,  the  mean  resnhtng  temperature 
F„  of  the  -mixture,  measared  on  the  same  scale,  and  bo 
extraneous  force  interfering,  will  be  equal  to  (448  .f  F)   K 


448,t  supposing  F  to  represent  the 

degrees  at  tbe  lower,  and  F,  those  at  the  higher  ten^rature. 
Awl  if  the  volumes,  instead  of  being  ec|ual,  be  in  the  ratio  of  n 
to  1  when  the  temperatures  and  elasticities  axe  equal,  then 
hy  a  Buxtnia  at  different  tempuatures,  F,,  =b  (448  +  F)   x 

-•  lUidmcnBwMpaUiiltklitik^KBMMnllMaB  in  A*  .^MoJIr  B^nUpMfAff. 
AkJuIj,  ISlft. 

f  448  TtpHBOiti  theflcpnof  abialDtacddbeloirllieKroof  Fahnnhdt,  trnployinc 
4m  air  thennimeter,  aod  Mtmatiiig  in  FBhieokot't  rale  flf  d^p«w> 
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/  V  i«t4-r-"^  .  j  -  448.    Hence  if  eqoa!  fK)rti**ao*  IM 

•am*'  gu  be  broaehftci  tte  ttimpersturcs  of  wtrter  freezuiC'  -ttid 
Ixntiag;  and  mixed  togeAer,  F  =  32,  F,  =  312,  and  f;\  %^  be 
ftood  »  llSf.":'  Between  ttJese  temperataocB,  tfafttarittfiMls  in 
^(^■me  of  mereniy  and  gas  hare  been  foudd  tobe  pArfeHly 
«qual ;  -therefore,  )f^  inst^  oF  gas,  'equd  portkWs  6r  Itu^ciilf, 
water,  or  any  oUier  fluid  be  mixed  tozetber,  (be  teraperMoMi  4:^ 
Aetnixtureby  Fahmiibrit'B  merowrial  tbermometer  fibotdd ' be 
']18f''.  Db  Luc,  as  1  trare  read  in  Dr.  Ure's  paper  yinMiiiihadlii 
-^e  Transactions  of  tbfl  Royal  Society  for  181B,  by  ifilziiig'^qntl 
pMrtitms  of  nater  at  t^ose  temperatures,  obtained  a  mean  of  1 19^, 
which  so  neariy  a^'eea  with  what'  has  been  'cbnlf»uted"ftotB 
^eory,  that  the  dilerence  may  reasDnably  be  aecribed'to  the 
-obs«rvatl<M.  It  must,  however,  be  ctmteBsed;  thaCtbe'e^eti- 
Toente  of' l>r;  Crawford  do  fiot  confirm  tboBe  of 'M.  iW'tiOCi 
-Aocording  to  tbat  philosopher,  the  resAlting' tem^Fata««;ia 
192";  thatis,  the  arithmeUcal  mean  or219^«tfd  9£^.  >I(  iS) 
however,  a  qoestibn,  whetiier  the  expeiinienta'  of  De'Lwe  aiv'iiot 
-«ntMed  to  cohsidembly  more  confidence  than  thOsO  or-GMW- 
ford.  "Vhe  object  of  the  two  philosophers  was  the'siiloe!^ 
namely,  to  deternliTW,  whether  equal  increments  of  tempetatUM 
are  accompanied  wHh  equal  expansions  of  voltint^;  [indbe^del 
should  thmk  that  De  Luc,  as  soon  as  hepGrceivedtbe«li(»B^]f, 
left  no  means  unessayed,  which  repeated  and  oareM'  etepetti' 
inentB  could  aftbrd  him,  to  satisfy  himself  Of  its  existence,  befoiC 
be  ventured  to  put^h  a  circmnataooe  so  contrary  to  thie  g*entMl 
Opinioa  of  philosophers.  Biit  with  respect  to  Dr.<;ira*fci'd{«» 
account  of  whose  es^peirmentB  also  on  this  subject  f  baTevnfor^ 
Innately  not  seen),  lie  appears,  from  M.  Biot's  Traite  de  t^yfdtfa^; 
■torn.  iv.  p.  7f)0,  not  to  have  foUoWed  oae  of  the  mbat  lively 
methods  to  ensure  iaccurftcy :  "  II  acjierch^  ille  fdtfe  '(CtieA't^,'ii 
correction  for  the  bssof  tempersttire)  en  observant  la  Hf 'da 
refroidissement  progressive  du  melange,  et  s'eh  Berva«ft  ^Jotfr 
reetituer,  par  le  ctil^al,  k  chaleure  qu'il  arait  d&  pfthlK  4ne  \tt 
premiers  momens."  It  would,  in  my  opinion,  hffvebeeii-'niuch 
better  to  prevent,  than  to  hare  had  to  account  for,  >this''lAaK 
But  without  discussing  the  merits  rfthe  metfidda  Of  eltbe»'j>itf- 
lOsophor,  the  subject  of  detemiiniBg  whether  the 'in^veideMtt  of 
temperature  and  volume  are  proportion^!,'  as  it  respWrt*';  fiAiit^ 
discoverres,  is  of  the  first  consequence;  and  f,<heriefSit',  Wg?t» 
submit  the 'settling  of  so' important  a  point  to  ttfe  ttObsMftratiW 
of  the  Royal  Society;  and  shall  feel  mv^elfhdndrfredlfi*te|>«* 
worthy  of  their  attention.  I  shoMltf  not  troublfe  the  Htwtri 
Society  if  I  bad  apparMes  opon  which  1  koiH  ^tcpe«d  fet  irjVaf 
an  experiment  of  such  delicacy.  Unhappily  J  have  not  only  no 
thermometers  myself  sufficiently  good* .out  I 'tndw,6riu& one  ip 
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Ais  »eijE;hboiirfiood  who  has;  nor  is  there  at 'preMrit  anr 
S^piBty  W  Biutol  to  .whioh  I  «oul<)  apirfy  for  assistance,' tbotfgtt 
jrom  the  spirited  exertions  now  malciiig,  there  is  reason  tb 
}idieve,  Wfl'  sh^  soon  posaess  cme  tJiat  will  be  evevy  Uiing  we 
gauid.wi8k. 

'  For  nakJRg  an  expennwnt*  of  this  kiad,  I  know  of  ao  body 
twt(«r  than.mercQry,  which  is  fluid  at  a  very  k>w,  and  bfttb  fijt  & 
w^'bigh,  tetuperatsre.  If  two  large  uid  equal  porUons  of  this 
iBnia, '  at  the  temperatures  intended,  were  Kipidly  poured  rato  a 
■O^n'  uaooth  vesseli  previously  hrought  to  the  expected  mean 
-t^iapemtwe  of  the  nujitura;  or  a  degree  or  two  bngher ;  and  if 
-tbe  temperatore  crfthe  mixtore  was  taktn  by  two  thermontcters. 
Hie  one  two  or  three  degrees  lower,  and  the  otJier  about  as  n^aiiy 
-degKM  higher  than  the  compated  mean,  1  think  the  obstacle 
to siucBBs^  pointed  out  by  M.  Biot,  might  be  avoided;  andthia 

rat  proUein,  with  one  or  two  repetitions  of  the  expenment, 
qesfdred/to  a  considsraUe  degree  of  accuracy.  '  Could  the 
'CKperimetU  be'  made  in  an  atmosphere  jost  above  the  tempera- 
ture ^  of  the  mixture,  it  would  prercat  any  error  aiising  Irom 
radiatioQ^  8ut. ;  and  if  the  vessel  into  which  the  portions  of 
nwrcary  are  poured  be  but  little  lugor  than  sufficieat  to  bold 
then,  and  :Biukerical,  it  woidd  subject  the  experinaent  to  tbe  least 
iafluenoeoftbe  matter  of  the  vesseL  BatiitheeKperimentciu)- 
Tiotbeniade  in  such  an  atmosphere,  it  would  be  advisable  to 
«over  Uie  whole  apparatus  for  a  few  minutes,  anti]  the  tempera- 
ture coald  be  equally  ditfuaed,  with  a  polished  metal  cover, 
wbicb  would  tend  to  prevent  any  loss  of  temperature  by  the  oon- 
tftctof  air,  or  by  radiation.  These  and  some  other  precaution^ 
which  ciceumttanoes  would  easily  suggest,  would,  it  appears  to 
ipey  ensure  to  the  experimental!  the  success  of  whicb>  perhaps, 
it  i»  capable.    -       '  . 

.  When  Ute  difference  between  the  temperatures  of  the  portions 
pfiluul  mixed  exceeds  180°  of  Fahrenheit,  the  arithmetical  and 
QdB^Mted  metuiB  differ  from  each  other  by  a  quantity  which 
iocreaaes.  much  faster  than  the  difference  of  the  temperatures. 
If  equal  portions  be  mixed  at  the  temperatures  of  —  33°  nnd 
■^■tmo",  the  value  of  F,,  will  come  out  IZl-aa",  while  the  arith- 
Hieticat  mean  i»  133'6° ;  that  is,  upwards  of  12°  in  excess. 
Withui'theae  limits,  mercury  and  air  goonneariyportpiuw,  the 
volume  of  mercury  at  the  higher  tempeiature  being  only  about 
3'34°-  greater  thttn  that  of  air.  But  our  theory  seems  to  be  inde- 
pendent of  all  conaiderations  of  proportional  variations  of  volume; 
the  oajy  precaution  necessary  -  appears  to  be  to  meaaure  the 
temp^raMires  by  the  air  thermometer  instead  of  the  eommoa 
tnarcuriaL  If  mercury  at  —  7°  and  -f  641°  be  mixed,  the  com- 
piit«d  mean,  temper^re  will  be  do  leM  than  36''  below  the 

*  I.hyeitoteMiwwrtii^in  loitwennrtmaHicf  lM«)dn<in  Ugh  timptiteiM »ith 
maKOTj,  and  Imc  Ibund  Ac  mean  cmr  ctf  nij'  tbcm;  bj  mtcq  apcrimgota  of  my  tmn^ 
and  tooof  Dc  Imc'a,  not  man  thm  aboul  the  oneUenih  ofa  d«gRc;  Ilit  maan  mmx  of 
th*  aU  liMi;  Mag  ^bl  dcfffgat. 


.406  MriHmfati»niiiftC4msm^-J^iiaMfmitfmtilt''l  [Jo«, 
•witfBMtKalmaui.  SutA  adifferanCerUtJuftwoaU-bftsstKwtf 
.striking  and  decisive ;  but  whetluT  tbow-QXtreoM  teqapwatww 
cwk  be  c^erntfld  ob,  1  leave  oUteis  to  dstftonioe.:  .Otbee  «imuBt> 
•tancM  being  aiik«,  ths  qiOKt  adrant^peons.iQ^luMt  <tf  nr'tiTH; 
the  ezperimentiB  when  the  vtdumes  mixed  together  nna  MHilk. 

In  aary  homogeBeous  fluids  the  same  principles  will  ewulf  us 
to  discover  the  ratios  of  the  numefatoots  and  th«  ntaenitudea  of 
tba  particles.  On  the  auppoatioB  that  mereury  and  W4kter  Me 
lioBMgeneous  Saids,  I  have  found,  from  the  best^es^riqie^a  I 
can  procure,  that  the  ratio  of  the  aaawERtoms  of  mercury  md 
vater  is  aboat  equal  to  that  of  1  to  2,  and  the  latio  of  the  nw- 
nitades  of  the  particles  w^ual  to  aiboat  that  of-37  to  1,  aflSr 
thewfore,  the  ratio  of  their  diataeters,  auppoaiig  them  aimilu, 
aboat  that  of  3  to  1.  This  greater  natueratoni'  <u  the  watais 
indicated  by  the  mean  temperature  of  tiie  mixtuce  of  equalpaits 
«f  mercury  and  water  always  being  in  favourof  the  twnpeiWUue 
of  the  water ;  and  the  excess  of  magoitude  in.  the  particles  «f 
nercury,  by  its  less  disposition  to  ne  affected  is  vf^ume  ^f 
obanges  of  tevperatun. 

Taking  these  numbers  for  cotreot,  I  find  (hat  if  a  given 
VOlnne  M  SMraury  at  the  temperature  of  100^  FahronJieit  be 
mixed  with  an  equal  volume  of  water  at  the  temparatafecd' 40°, 
the  temperature  ofthe  mixture  shouldbeSS^";  by^.Urai:jvi^ 
n  60^.  And  if  the  same  temperatures  be  taken,  bat  th.e  water 
be  pnt  at  the  higher,  and  the  mercniy  at  the  lower  tempaiature, 
the  mixture  ehoaki  be  at  794.° :  Dr.  Henry  aays  it  is  aearly  80^. 
If  two  volumes  of  mercury  and  one  of  water  be  taiiced  at  the 
tMBperatures  of  100°  and  40*^,  it  mattem  not  whichever  of  then 
baa  the  hi^er  temperature,  the  temperature  of.  tite  mijitiBe 
ought  to  be  about  o9^° :  by  the  above  author,  it  is  70°.  An 
equal  coincidence  holds  good  in  the  other  cases  meutioned  hgr 
Dr.  Heniy.  Therefore,  wmit  hag  beea  -usually  attnbwted.to  "tlie 
Mpaoity  of  bodies  for  caloric,"  aweara  to  be  eapUoabie  on  the 
^ory  of  their  numeratome,  tiiat  body  whose  parUdat  aieithe 
enaUer and  more-numerous,  being  thatwhidi  ha»beentuyji«wd 
to  hare  the  greater  "  capaaityforcalorio;"BndoK«iwnsa.  B«t 
tp  be  more  oertain  of  this,  it  would  be  neoessaiy  to  tsake  bob 
esfteriments  with  a  greater  difference  of  tempeortuneji  ■  Siqipei- 
ing  the  aforesaid  ratio  of  the  numeratoms  to  be  rights,  vai  ikHt 
water  and  mercury  mv  homogeaeous  fluids,  I  find,  if  equalMtls 
of 'ssenettry  and  wiUar  are  brought  to  the  temperatutM.  «f  40^ 
and  212%  and  then  mixed  together,  -the  resulting  tesspttatsie 
abould  be  161^°,  whwi  the  water  has  the  higfa«r  itAnpffatis^ 
and  d4J-°  wJk&  it  has  the  lower.  llMaritiim«tiQal  memof  W 
and  M>  is  126°,  wbich  is  3.U«  above  94.^%  .and  only.  36^ 
below  16H <>.  If  l^e  tempeHttuoes  be  40^  aadSaO%  the'ouxtnw 
will  be  91^  and  144%  in  which  the  distances  from  Ute  mean  ace 
—  fi8  and  4-  34.  I  have  not  tried  ■  thwa- ecqwrimante -fap  the 
seaaom  I  have  given  before,  bnt  I  would  thank. any  one  who 
WDtdd;  ftndehoiddbe  still  more  obliged  to  liim^WwottldkHS 


A*  ^oodaeas  to  MDd  ve  tlM  leBilUs  «f<'th««e«ad'uiy-aoctartM 

WMMllfamite  of  ttl*  fctnd.  : 

Th»  smM  'pnoc^An  'Oiigtat  eMJIy  be  exteodad'  4o  solida ;  b«t 
saSoient  ha»  bMn  ie*id  fur  >the  lunits  of  a  mere  memoir  oa  tfus 
pftitef  tfa«  iubject.  rsh&lt.^iwerore,  no*  briefSy,  o^r  one-dr 
tMm'i^BMTCttioiHfopwbwlii  a  difltiDot  hypot^ean  has  b«eH  cod- 
tmett ;  'rani«l j,  the  hy^heeia  of  "  latent  beart.."  It  ie  geocrally 
irittikted,  I  beiieruj  iiiBit  whea  gMes  er  vapours  becoaie  ttuidsj 
two  oi*  mere  (rf'th^  atoms  or  pkrtioles  unite  together  to  form  a 

ELiticle  o(  the  floid  ;  and  that  when  fluids  beoeiue  solids,  a  still 
rther  aggregatioh'sf  the  particles  takes  place;  so  that  fluids 
we  eoiide  rasvbred  into  iinplec  eieiasDts,  and  gmees  sobdn 
fesolved  into  still  simpler,  or,  perhaps,  th»r  Amplest  elenwidi. 
This  being  granted,  it  follows,  that  if  two  or  more  atOB»  or 
pavta  oC  the  gas  unite  together  into  one,  the  .motionr  of  this  one, 
bttng  o(M3(^un4ed  of  Uie  motioaB  of  tbe  others  whi^  compaae 
it,  wiii  be  gr«aiier  than  the  motions  of  eitfa^  of  the  oonstitUMit 
fmita  beibrvthe  aggwea^on.  Thecefem,  if  tiie  teoDDerature  of 
tJi£  bodies  in  each  of  the  three  states  be  mcasiuvd  by  tlie  motioas 
«f  their  coantibieAt  parta,  then  when  a  gas  by  any  nteans 
becomes  a  flnid,  the  aggjregateii  parts  of  the  Siiul  will  haxe  a 
gpeotw  motion  than  the  parts  of  the  gas ;  aud  oonaequently  its 
teiffpefatiirei  for'  a  little  while  wiU  be  higher.  For  Uie  same 
TCBBon  the  tamperfdure  will  be  raised  in  passing  fixat  a  fluid  to 
a  mM.atftte;  and  ia  idl  cases  the  iooreaae  ol  temperature  in 
passing  from  a  gaaeoMs  to  a  Quid,  cu:  frc»n  ar&aftdtoaaolidBtftte, 
vM  be  ^roQorti^Dal  to  iJie  E^gregation  of  t^s  particles  ;  bo  that 
in  either  <»iai^e  of  state,  the  greater  the  number  of  particles 
Aat  amte,  the  greater  the  rise  <h  temperatore.  And  conversely, 
an  au|;nientation  of  temperature  being  produced  by  a  union  of 
particles,  a  diminution  must  be  produced  by  a  separation  of  them; 
and  this  diminution  will  be  the  greater,  the  greater  the  number 
of  parts  into  wbi^  a  pactide  is  divided,  lliierefore  the  conati- 
tsbon  of  ihinga  being  aochas  IJiave  nupposed,  a  diminution  of 
temMPsture  wiH  accompany  a  change  of  state  from  a  solid  to  a 
Alia,  or  &ora  a  fluid  to  a  gas  or  vapour.  But  thoi^h,  with  ^ese 
views  an  increase  of  temperature  generally  accompanies  a 
oh^ge  of  state,  vben  by  that  change  the  solidity  is  increased, 
ov  vice  versa,  yet  this^  is  not  of  necessity  a  law  of  nature.  Cir- 
clrastances  might  be^eaaily  varied,  ao  that  am  augmentation -c^ 
•USlity  by-  a  cluinge  of  state  may  be  attended  with  a  diminution 
of  *waperature,  or  (he  contrary  ;  and  thus  the  phEBnocuena  of  the 
increftse  of  temperatwe  at  tbe  exfikHion  of  gun  aad  all  fulminat- 
ing pofvders,  as  wellaa  other  ancnm^s,  might  be  accounted^. 
I&se,  liowever,  afe  ttlihgE  Which  tlie  importance  of  others  will 
Bot  allow  me  now.4o  atop  to  ^oplaie.  The  aaoe  reason  pceraats 
■me  from  entering  into  an -ejtpHination  of  the  c&use  ofthat  ap^ 
rent  Ibss  of  temperature  in  the  experilneat  Respecting  the  adutiz- 
twe '«f  equal^pMTta  ieiraght  of  inter  at.172%  sod  snow,  or 'iw 
at  the  temjuiBtWB  «f  yter^fcaaang,  mai  ^lAwiimiiafbmwm 


406  Jtfr.  gwwiwlJltfttrtc  Cm»m>  iJnM»  mdptimilflil  \3iaat, 
SMM,  A^^lyEdeTf^^Hbort  ioe.«lieMtUii^>Awl>(tltKtiaiMfaww 
which  midit  t«  dnirn  fimm  dieM,.  wcmUiVM^ithe neaiiHr»«att- 
a)dwU)lyl}ey»a4tlwlmH«'QfaDOidiBtey>aoiunm«»t«MKi  ;>rw 
.  1  ootns  now  to  the  Uw  of  |;ravitMiQaiQr  ttimtH^n/tr  iIC&  pAc- 
tioki  of  jmUai  w«e  ^  k-ue-cmtm  of  snoh  a  fluid  awk^HMP 
w«bavB8iiMKM«liatlie  tifthynstulatoBi^uidFlflijji  iUaffittitiaas 

D>agatea  eveiy  way  about,  wd.^lu^  cooMterbuftac^,  a|<  the 
ts  of  space,  it  kept  the  minute  parts  of  thU  fluid  mediom  in 
eootiiiud  ooctio*,  then  vouM  a  spheiiicql  fttom  betu-ge^itoMBtk 

the  central  particle  by  a  force  which  is  as— J?  ia  vvhi^^  o^fepj^ 

Beota  the  iuteasity  of  the  centra)  agitation,  «  the  o^gpitade  of 
the  impelled  atom,  and  x  the  distance  of  the  centres  of  the  tiro 
BCMhea.  ..■■■!..    -'■     ■:  ■■■_■.!. ,..-.; 

When  the  attnoted  atosLis  mat-n  tfk«Te,'f  it»iair'ofigi«nta> 
tion  becomes  more  oompiex  {  aedin'B.-^ilcrBliMyiisiMrt  teibe 
obtained  in  algebraic  terms^  .for  it  is  dependant  not  only  on  die 
intensity  of  the  central  agitation,  the  magnitude  of  the  atttrttct^ 
atom,  and  its  distance  from  the  central  one,  but  hkewibd'  <Mi  its 
figure  and  position.  In  all  cases,  however,  when  the  attract^ 
atom  is  exceedingly  amali  and  at  any  sensible  distance,  or  when 
it  is  at  a  distance  sufficiently  great  to  render  the  influedce^f  its 
magnitude  insensible,  its  gravitating  force  will  be,  «s  )t4  n>(<Sfi 
tude  and  the  intensity  of  tne  central  agitation  direcUy,  and  the 
square  of  its  distance  iliversely:  OonBeqnetitlj',  tfioAedd  of 
a  singte  central  particle,  there  wetv  a  grei^  ntlaiber  distritMed 
so  as  to  form  a  uniform  Bphere,  and  in  au(A  amahner  thcd'ttle 
agitations  of  each  may  lake  effect,  thfe  force  of  the  impQl^ioa-oa 
the  solitary  atom,   Prinoipia,   prop.  74,  lib.    1,  "watil<t' %6'Ag 

^;  in  which  mis  the  mass  of  the  attracted  al)on),  A|thpi^t«|t' 

■  Th*t  no  one  may  Tun  to  rhai^  me  viih  b  dcsre  tt  laMng  uinanda&^''itt^ 
KMiwd  the  Mmu  Htncticn,  ccMri^tMl  Ane,  Ac  titoagk  Aon  dn  cuue  M*  1h«]flti 
Damnum  mLuddawnia  tjhu.iocnwii,  {■tohabl)'  inqmliiwi,«dptUw£DM<^  Aaior.ame 
athei  votdi  haTuig  Rii«anc  aJKoUy  tothepriniilivi!  cau8«,  vouldbc  juvfiai^il^    ., 

■f  The  nmplnl  case  liler  ■  iphere  fs,  perhipa,  tbM  of  ■  cylinder,  having  me  centK 
«f  igita^an  in  kt  ni*  produced.    Let  B  0  be  n  cyBnte,  '    -'f^''-' 

EF  ib  aiw,  and  A  IheMUn  oftgcaiaa.     Dn*  A  C,  A  D,  '- 

■ndinAFtaka  AO,  AH,  rcmcctirdy  equal  to  A  C,  AD;  . 
join  C  O,  and  complete  (he  TwraUekfram  I  C.    Then  wHl  the 

tui|^«ftf«rwlMiM«tA,  wd  tbt  dittMKe  H  L  BntiTikt 
■amidiaineter  £  D  be  TaMlv  nnall,  cmniwcd  to  A  E,  the  on*  . 
■     •  ■        ■  '  ■    hotHitijP 


nlMion  ii  aithe  agitatian  atA,  and  ihemapihndei 
<kr41ned]r,  and  the  NdancdeA  E,  A  F,  Intcndjt. 
if  £  r  bt  UkmfaavM;  MMdl  in  canfUiHB  dC  .  A  S,  tbt  9«ti- 
ttdm  ii  diicctlf  ai  the  •^Wian  at  A,  and  the  magnitude  pfUi^ 
cjllnder,  andinTenelr  Bsthaai|uan«its  ^tancc  iWin  A. 


idinTenelr 
'  When  the  hnpdbdlwdr  ia  apanaMMiiwilon.  ini^wAbtUb 
i>  >•  Um  logarithm  «(■  CuMiMi  ttf  ii» 


ig^rithwDCaliUMUtattfit*  AHDoopn  IDAduiMMt         .    ■  ■.r^r-.--,Kl> 
Mtol  pMiia*,  ifiaed  u  a  pwtr  e^  to  ijie  jntesrity  q[  awWiwt  -, j^ 
whcniliaaa  nnidl,  oral'iucha  dhtaiiee  from  the  centre,  that  {ta  dlinenawfnarguun- 
MlalB  iqviM»orthMdlNnice,'hi^«lMiMiit|mpcMk«al«tfil)M4;tfihidB'^U'^ 
laNMi^ef  (be  isHalnadiinctljr.  Midtba  aqwH  of  tbt  dM«M  WNWdr. 


-ia§iibi«v<rfithd«lKiite-oeiiti»l:bo<]y,  iMid'3!  tibe  diirtafide  betweta 
dwoBOtaMv^'theaitem  osd  conipdundbody.  AAd  sitice  tbi^  is 
the  law>Df  ^vit8tiDn''Of«siii^  iitoto,-it  ft^ewn/by  prop. '75, 
libi  },'PrnM*pftt'if>aitninb«r  of  <ii«m  were ' equally  dtstribated 
tbn«^fionttaiii?sphenca)'BBace,BO'thi<td>ey  could  bftindivklaefiy 
-•Bted'oaby  tite'iltiid  mednim,  tfae  im|)ellitig  feweoaths  -whole 
body  would  fee  as  —r^ ;  in  *hich  j;  is  the  central  distance  oFtlie 

4vD'^odie«,'«Bd  itsihe  quantiky  of  matter  jatbttftUncted' body. 
For  the  same  reason  if  B  be  the  mass  of  the  central  body,  and 
A'  the  whole  dgiCating  force  of  the  other,  its  attraction  on  the 


homogeneous  spherical  body,  other  things  being  the  same,  is  as 
itB'te«operatareT,1t»miiii«aiKMaiN,aDd  its  volume  V  conjointly ; 
diefelbre,  T  bmtig  the  temperature  oF  the  body  B,  ita  absc^Bte 

,  ^ttr^ctive,  fi;ir£e  on  iwill  beas— ^^ — ,  and  its  acceleratlve  force 

as— 3—.     Andf,  »,  V,  representing  the  like  things  of  the  other 

bqdy  b,  its  absolute  attractive  force  on  It  will  be  as  -^^  ,  and 

Its  accelerative  as  -^, 

Now  Kewton  hafh^shown,  p.  242,  of  his  Optics,  bodies  to  be 
xQ  rare  that  water  ha&  at  leaBt..40  timea  more  pores  than  solid 
parts  {and  Biot,  ua  his  Traite  de  Physique,  torn.  ir.  pp.  124, 
J2S,  has  carried  the  idea  so  far,  as  even  to  sufutose  me  solar 
sys^aitsieif  to  he  but  one  great  particle  relatively  to  other 
latter  and  rarer  systems.  Without  inquiring  into  the  meril^  and 
prolrabiltty  of  this' 'hold  idea,  tliere  is  every  reason  to  believe 
with  him,  that  "  il  se  pourrait  meme  qui  dans  les  corps  qui  nous 
{Miaissent  les  plus  denses,  la  capacity  des  interstices  suipafisat 
l^iifiieursouUierB.defi  fois  le  volume  dea  particulesiuaterielles;" 
•WTiat  least,  ^at  the  densest  bodies  we  know  of  do  indeed  con- 
tmn  vastly  more  pores  than  sobd  parts.  Therefore,  it  follows, 
that  every  one  of  the  particles  of  any  compomad  body  might 
agitate  and  produee  tBoae-afieotioas  I  have  imagined  on  the 
^weretd  6uid,  ver<^  nearly  the  some  as  if  it  was  alone  and  unSdr- 


.i.,Cooi^lc 


41^  Mr.  Hiir^Hakm:lieCiHaes,jbam,  and  primal  [filHS^ 
rrtab  we  find  by-  espeuence.  lliDtieb.  regatdtd  miAtmUdkMy 
iBch  *a  infereoee  woiddbe  Btrictly  true,  yet  ainoe  tde dififeranes 
between  tW  fotx}ea  will  depend  on  the  activity  -of'  the  medium^ 
and  Binco  tfaiB  activity'  will  be  i»cr«aBed  in  proporlioR  ta  th* 
tenuity  of  the  parte  of  tbe  ntediupi,  it  is  evidoit  tut  the  ethereal 
atons  m^  be  bo  small,  and  the  activity  «f  the  rtediam  cobsc* 
quently  bo  great,  that  tbe  awiftest  motionawe  know  of  coald 
produce  no  sensible  difference  in  the  vigour  of  its  action.  For' 
inMaoce,  suppose  one  of  tbe  ethereal  atoms  tcy  have  the  sam* 
ratio  to  a  particle  of  light,  that  a  ball,  a;  foot  diameter,  faaa  tothe 
whole  earth  (and  there  it  certainly  nothing  which  foihida  us  to 
suppose  that  the  ratio  might  not  be  is  httle  or  even  much  less), 
then  calling  the  earth  42000O0O  feet  diameter,  &  thousand  of 
these  ethereal  atoms  would  individaally;  with  the  aame  force 
that  gives  motion  to  a  particle  of  light,  receivB  a  velocity  mom 
than  7i40OOiX)0OO6oOOllOOO()O  times  greater  than  that  of  light. 
But  with  such  an  activity,  the  law  of  attraction  on  a  body  mor- 
ing  witfj  the  velocity  of  tight,  in  tbe  direction  of  the  attracti<Hr, 
would  not  be  augmented  more  than  a  toooooumSiitmmooooo^ 


part  of  unity.  And  with  this  increase  in  the  law  of  attractioo, 
ft  weuU  be  2«67?96067672610  years  before  the  aiises  of  the 
earth's  orbit  would  move  one  second  of  a  degree.  But  since 
our  calculation  is  made  on  the  supposition  that  the  body  widi- 
draws  itBtitf  as  it  were,  from  the  action  of  Ae  irapelting  power 
with  the  rapidity  of  light,  the  angmentatioa  or  diminution  of  the 
law  on  a  body,  moving  Uke  any  of  the  bodies  of  ouc  planetai^ 
^stem,  would  be  many  million  times  less ;  and,  therefore,  it 
would  take  many  miihon  tiroeB  the  period  that  i  have  aasigned 
to  produce,  with  a  Buid  of  such  activity,  a  difference  of  1"  in' the 
position  of  the  earth's  apses.  We  may  bence  fairiy  conclude, 
that  there  might  be  a  fluid  medium  pervading  the  heavens  and 
idi  bodiee  of  eitch  activity,  that  no  sensible  difference  could  be 
observed  in  the  intensity  of  its  action  on  bodies  hi  a  state  of 
^ieaceoce,  dr  moving  mth  a  velocity,  not  only  aJK  niUion,* 
but  several  mtltiou  million  times  greater  than  that  of  light. 

'  With  the  ^ame  views  it  would  be  easy  t^  show  that  the  reaiat- 
aace  which  such  an  ethereal  fluid  would  cause  to  the  mo^na  of 
asy  of  the  celestial  foodies,  could  ^ro^uce  no  seseible  effects  in  a 
period  of  many  pillliou  yetffa.  No  objection,  thefcfitiet  so  iar  u 
it  respetts resistance  or irreguknty  of  lawof  a^ion,  c«n  be  made 
to  liUia^  the  heavens  with  a  fluid  of  this-  k^nd,  whieh  it  wonU 
net  he  eesv  to  ansvner ;  and  we  might -conseiqQeBtly  infer,  tiiat 
wbfAever  bas  heen  demoastfUed  et  an'  HDvesiating  'asd  a  pet^ 
bleating  gravitatiooj  night  be  easily  transfened  t»  omt  ami 
■udium.     ... 

These  thii^gs  being  granted,  it  follows,  tjiat  since — ^  isfHi 
-       .   »  U.U|lMfy«Jttmt^lA^■WtM,y^Li.f.W,^^lb.9^u^,Jau• 


Mpmw^a  for  tb9  bw  of  gj^vkitioa  tqwuds  ai^  BfijiFrical  ifoiy, 
tite  gravitating,  forces,  at  the  tv^eights  ot!  aoytwo  epherictti 
)K)di>e»  towarfle  aoy  QlJier  body  at  equal  <liataneee,  are.  a^  thti 
.quuitities  of  laatt^r  id  the  attracted  IjodieH,.  ,Xlu»law  has  bed 
proved  eiperinienta%  by  Sir  lata»  Neyiion ;  but  tlipw^  ttxis  be 
true,  the  ciwverse  caae  does,  noit,  according  to  out  principles, 
liold  good;.  naJBcJy,  that  the  atUacttve.  forces  of  bodies.  ac9 
directfy  proportional. to  their  quantities  of  mM<ter.  .  Oar  piinci- 
plea  do  not,  therefore^  corroborate  S^wtop-'a  third  l^tv  of  raotioa, 
Tespecting  the  equality  of  action  and  reaction  in  attracting 
forces ;  for  by  our  thaory  a  body  .might,  by  the  agency  of  the 
fluid  njfldiuim,  b^  impelled  towards  auother  without  any.recipror 
cal  action*  which,  is  by  no  raeans  surprising,  if  wa  consider 
Unction  not.  to  be  an  mhereirt  or  essential  property  of  ntatter, 
but  m«v^y  the  actioa  of  a  third  body.  When,  however,  we  take 
bomogeneous*  bodies  (tf  the  i^me  temperature,  the  equality  of 
action,  and  reaction  seems  to.hold  tjue ;  but  ia  different  hodiee, 
di&reotly  composed,  or  the  same  body  at  different  temperatures, 
a  difference  should  be  observed  in  their  attractive  forces  propor- 
tional ta  the  greatness  of  the  dissimilartty.  Other  thiogs  being 
alike,  the  attractive  forces  should  be  proportional  to  the  temper- 
tUures.;  so  that  the  attraction  of  alt  bodies  at  the  extreme  tem- 

r^ratuiSB  of  the  fluidity  of  water,  should  have  a  ratio  of  about' 
to  7.  .  Unforttiaately  the  difficulties  atteading  the  corroborat- 
ing by  esperimeid  of  this  part  of  our  formula,  much  exceed 
fJioBe  of  the  other;  aor  have  1  as  yet  devised  sny.raethod  of 
satisfyuig  myself  reacting  it  in  the  manaer  that  I,  could  wish.t 
But  tKough  great  difficulties  lie  in  the  way  of  »  oumeni^al  proof, 
there  are  some  phsenomena  which  seem  pretty  decisively  to 
sanction  the  general  result  of  our  fonuida ;  'namely,  th»t  an 
increase  of  temperature  produces  an  augotentAtipa  of  attraction. 
Thus  Eulec  has  found  that  the.  focus  of  a  convex  leas  is  con- 
tracted by  a,  greater  and  extended  by  a  less  temperature  4  from 
which  it  plainly  appears,  that  the  refracting  f<tfce  iii,inGren8ied  in 
tbeoneanddiminisnedintheo^erciLBe.  M. Lafdace  in  the  M6ca- 
nique  CeLsste  has  calcalated  the  annual  equation  of  the  moon  ai 
Ir  23",  while,  by  the  best  tables,  it. is  only  aboMt  11'  &{.". 
TbiS  dfjSerence  between  these  qviantities  appears  too  niuch  for 
the  error  of  either  observation  or  calculation,  andtherofore  iodir 
eales  an  increased  attraction  in  the  perihelion,  ^d  a  decreased 
m  the  aphelion  earth.  By  aU  the  cafoul^ons  Uiat,hav«  bilheirto 
feeen  made,  a  r«guUc  dinuButiou  in  cha  attcactire  forces  of  the 
planets,  reckoning  from  the  sun,  has  been  observed,  which 
riwwa  that,  the  <^kler  planeUluve  leas  attncUon  Uian  the 

•  Bt  faoDSKCDMaigiidM  fluid  bodkiti  bo*  hmmiI  tkM  aU  of  >1mm  pHI*  M 
lini1»(  Hed)  »idi  nrKwct  MtMr  ccBMiMoM  tkouDta  uti  tli*  (nceatlni  af  tfatn. 

-t  JliBM«Btmta£^I'haveta«rii«laiMdMd,br»im]dHntiiH>ar]n.C^TeiidiA% 
^pBKtu,  hot  hare  bM  jM  nM  wW)  ■  paper  plasi  nd  oj^MrtBinty  Ibr  pnttng  it  in 
jinctie*.  ■      't   . 
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412      Mr.Hm^hp»tie(^^^liilK>^nidpriftfipal  [Jflga^ 

8  alone,  if  ^pae  cQiyyHtatwatahouM  voify  ()^it 

i  aq  exception  to  this  rij«.    TbJB  i*  not  ind^t«4 

epii^iii^nt  to  ourfonauJa;  it  onl^  reqauw«<ad«t|> 

infrom  ther«Bt  uftheplauets,  such,  for  inatabp^f 

;ies  ;  for  then  by  rea*on  of  the  coldness,  tbej 

unterous.     Aootber  arguiuent  io  fayour  of  our 

formula  is  the  very  sntall  disposition  to  disturb  tfaat  ia  found  m, 

comets.*    This  might  ip  part  arise  from  i^  d^eceuoe  of.coasti* 

tution,  but  it  hardly  seems  reasonable  to  niabe  it  the  oaiy  ca/a^a 

ioD  and  temperature  are  proportional  it 

arts '  of  the  earth  being,  colder  than  ^the 

1  of  the  whola  earth,  in  places  about  Ae 

III  its  attraction  in  placeaabout  the  latt^c; 

iihronal  peodulum  must  b^  shorter- under 

tator.     On  this  account,  tbeneforc,  if  tba 

i  figure,  as  indicated  by  the  pendulum^ 

heroid;  and  if  the  figure  be  an  oblate 

by  the  pendulum  would  give  eithcf  a 

jre,  or  an  oblate  spheroid  of  less  eccen- 

Kow,:  according  to  the  beat  c^aervar 

tions,  the  compression  of  the  earth  by  the  pendulum  ia  about 

-j^-y,  whereas  by  Newton,  from  the    theory   of  gravity,  it  i» 

^^,  and  by  most  of  the  admeasurements  it  lies  between  the 

two,  or  about  -j-^j-   by   Col.  Lambton.     But  the  same  theory 

which  indicates  too  small  a  compresiiion  with  the  pendulum, 

indicates  also  too  large  a  one  on  the  supposition,  of  uniforfia 

gravity;  for  as  the  gravitation   on   the   Newtonian  theory  ia 

trreater  at  the  poles  and  less  at  the  equator  th^n  it  ought  to-  be, 

Newton  must,  in  his  computation,  have  made  the  (u^ar  ftoid 

canal  too  short,  and  the  equatorial  too  long,  and  conseqaejvtly 

the  ellipticity  of  the  earth  too  great.     Henpe  our, theory  also 

indicates  the  cause  of  those  discrepancies  in  th^thre^  nvethoda 

of  determining  the  figure  of  the  earth,  which  have  so  much 

baffled  mathematicians.     The  intervention  of  Other  things* ,  ajul 

a  want  of  extensive  and  correct  observations  on  the  iqeaa  tein- 

peratures  in  different  latitudes,   prevent  me  at  present  frqai 

attempting   a  numerical  proof  of  these   ideas.      Humboldt's 

collection  of  experiments  on  the  temperatures  of  diffecentjdacea, 

lately  published,  and  the  eznerintenta  made  by  Dr.  John  jpiaityia 

his   voyage  to   Ceylon,   with   some  others   that    have    lately 

appe^ed,  have  indeed  enabled  me  to  fix  very  nearly  j:  tbe  law  of 


*  '*  n>  plndeun  nuMD*  (■»;>  M.I^^Jace)  da  ania.qHf  4m  n 
taat  tres-p«lilc(,  et  qn'  *inu  Icur  Ktion  cat  inuiuibla." 

-f  The  fmrauU  lor  accuraUlj  exprcnng  tlie  nuui  uuiuil  ItnqMmtun  of  dittimt 
lalitaidet  would  be  no*  of  veTf  gtcM  craroiExi^t  ■nd,.  pfdu«*»  bi.lkcpnMMMImf 
uiaMc,  would  ni^Mi  the  Mmn  of  MuMi  tomlnUt  ■DftBBitt«viMiiNi.'.AMW«uc' 
Ae  Mmfiaatuta  of  the  poUi  and  cqaMiiR>tEiyi«ni>t  0°  aodSlJ"  offakiMdMit,  mf 
fMmnk  win  •ddon  £a«i  own  llwi  x  digne  or  two  of  Fihnotivl'i  mla  fnin'IM 
latdy  pTCo  b7  K.  BKwttei,  namd;,  tempoUnn  —  Sll"  x  coi.  latibide. 
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*  tt  might  be  adnuUe  in  future  experiments  to  ascertun  the  temperature  of  tlie  Ma, 
and  its  diumil  variation,  at  difl^rent  dqiths ;  for  J  do  not  remember  to  Iiava  wen  ^j 
itnUw  (AkM  irf  AoK  ftiqp  in  tlK  aii»rimeir(s'  that  I  have  liftheno  reatt.  One  might 
indeed  infei  (ram  Di.  Davj'i  expofmtatt,  thM  if  there  be  a  variation  at  any  conoi&T^' 
aUr  dtplb  bell)*' AeMiliMjitiipniMbljt  bat  tiiffing.  Itwootd,  however,  at  Inst  be 
eitiAatoty  O  flcdide  dli*  J|U(Mkm  br  actual  experiment ;  and  beiddEii,  a  knowledge' of 
^MH^mtun^-the  Mean  at  diibelil  depth*,  and  in  difleieiit  pLteeis  vodld  yaolbty 
eoable  fUtsttfitMn  »  detcBnliw  Ibe  wtemai  temperature  of  the  earth,  aod  Its  lav  of 
iwdulMi  Wwmtdvtlw  ceMw,  M  irdt  as,  jMtbapB,  Mme  Mhei  Hdnta  of  great  interul  ka 

L)i.-raM>,GOOglc 


4\k  Mr^-Hwrapathonike Catties,  Etuis,akdpnne^ii  |7ek«, 
ixi&ne  drfletence  in  the  rttio  of  the  tempeHtared,  whifeh  a  cwi- 
•tderable  tbermortietric  diSyrbnce  in  the  two  hemispheres  would 
produce,  conspire  tct  show  that  the  coefficient  of  such  an  equqtida 
must  be  exceedingly  smalt,  if  a6t  tchoUy  insensible.'  I  have, 
thferefore,  merSly  alluded  to  the  subject,  that  phitosophers  might 
Cxke.an  opportunity  of  considering  it  further,  and  ot  e^atoimng 
wbetherinthe  future  improvement  of  the  lunar  tables,  the  vne- 
qttfd  temperature  of  the  diStsrent  hemispheres,  and  the  alternate 
increase  and  deCreaBe  of  temperature  in  the  same  place,  arising 
from  the  motion  of  the  sun,  are  deserving  of  attention. 
•  Returning  to  outlaw  of  gravitation,  it  is  found  that  when  the 
diameter  oT the  attracted  particle  bears  any  sensible  proportion 
to  the  central  distance  of  the  two  pirticles,  its  gravitation,  except 
in  the  case  of  its  being  a  sphere,*  no  longer  follows  the  law  of 
the  inverse  squares  of  the  distances,  but  a  law,  which  increases 
the  force  of  attraction  much  more  rapidly  as  the  particle 
Japprofich.  It  is,  therefore,  evident  that  our  theory  of  attraction 
is  not  only  capable  of  expounding  the  gravitation  of  bodies  at  a 
great  distance  from  one  another,  but  also  all  that  variety  and 
increase  of  force  which  are  observed  in  the  particles  of  bodie9 
when  brought  nearly  into  contact.  For  instance,  if  two  particles 
approach  eabh  other  with  flattened  surfaces,  the  intensity  of 
tineir  attraction  when  these  surfaces  are  very  near  to  each  ouer, 
and  the  force  of  their  cohesion  when  the  particles  are  in  contact^ 
will  be  mach  greater  than  if  the  same  particles  could  have  pre- 
sented spherical  or  more  pointed  surfaces,  so  as  to  touch  but  in 
one  or  two  points.  For  the  same  agitations  of  the  same  particle 
will  rarify  tne  ethereal  medium  considerably  more  on  toe  flat- 
tened side  of  the  particle  than  on  the  pointed  side  (generally 
indeed  more  than  in  proportion  to  the  greatest  tranbverae  sec- 
tions of  the  particles);  and,  therefore,  when  the  particles 
approach  with  their  flattened  sides,  the  medium  between  them  is 
much' more  rarifled,  and  its  elasticity,  therefore,  much  more 
diminished  than  they  would  be  under  similar  circumstances  of 
agitation  between  less  superficial  areas  ;  and  consequently  the 
attraction  of  the  particles,  which  consists  in  the  excess  of  elasti- 
city on  the  exterior  and  interior  surfeces,  is  considerably 
augmented.  And  when  the  particles  come  into  absolute  con- 
tact, the  flat  sides,  by  displacing  a  greater  portion  of  the  medium 
from  between  them,  will  occasion  the  particles  to  be  pressed 
together  by  a  force,  which,  instead  of  being  equal  to  about  the 

*  Were  the  pwridw  of  fluid  bu^n  nearlf  t^xaal,  and  wcac  it  bj  &ucm  itdun- 
ctllj  ptopoitioiwl  10  the  squans  of  iJuir  cencnl  ilutaocw  tlut  thtj  we  kept  togfim, 
wi  alunld  h«»  (6,^  -  S^)  Q  «  1,  6,^  -  tS^;  iawU^t,,  l,uMimj  twtmmm^ 
tune,  f|  bdng  the  bi^a,  S„  S.thceorrmpaii^g  volnma  of  the  fluid  body,  and  Qm 
Mbilni]'  qoviti^  to  be  deCarmiiKd  Aom  t£e  tatim  of  die  floid.  But  the  cnMiAn 
4rl«rmpMd&imi4iiifi>miit>ueiMiiifiMlj'taolittk)ikKC,  if  AepMidMMtnrtMk 
anodur  wkli  nidi  fincM,  tfir  fliiii  rnn  iiiTni  linrnmi  gMiw  Thefe«»]nrar«nM»> 
«oainfluid.pdeolidbodie»,Ic«n«MaypeiwiTe,WBaMimiayMt»gMtOMpw6m 
which  I  hsTG  notyet  neolred. 
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leaiQ  PluaHmm  of  Hud,  Gmet,  Gramtation.tsi^  '  4IS 
■mil  of  the  two  exofiMes  of  tha  pcefiraraa  oa  Uie  AMnfaeraad 
beRT^r.sidefi  of  tb«  two  partides,  will  be,  perhaps,'  ieaHy  equal 
to  Ae  aum  oftlte  twq  whole  presaurea  oa  their  fucth^ti^es, 

Dt^erent  d«peee  of  Sataess  will  «yidenUy  cause  Hiffereot 
degrees  of  attractioii  and  cohesion.  But  it  is  not  to  ^tnesa 
alone  that  the  cohesioo,  affinity,  &c.  of  the  particles'  may  be 
owing ;  a  proper  adaptation  of  the  parts  or  iigure  of  one  particle 
to  the  parts  or  figure  of  another,  may  as  much  conduce  to  Um 
cobesioD  of  the  particles  as  flatness ;  and  benee  the  greatest 
acope  is  horded  icr  expounding  the  various  phffiuoneaa  of  cbe- 
aai«d  action.  Suppose,  by  wav  of  example,  any  compound 
particle  wbosecomponent  particles  have  a  certain  adaptation  ia 
figure,  be  brought  into  contact  with  any  other  particle,  whosd 
oompon^il.  particles  have  likewise  a  certain  adaptation  of  figure; 
th^n  if  the  .figures  of  the  elementary  particles  of  either  of  tiie 
oompouod  particles  -haye,  individually,  -or  in  any  degree  of 
Bggregatioa,  a  much  less  adaptation  to  one  another  than  they 
have  to  the  figures  of  the  elementary  particles  of  the  other  com- 
pound particle,  a  new  combination  will  instantly  ensne  ;  and  one 
or  more  particles  with  properties,  probably  very  difler^it  front 
those  of  the  primitive  compound  particles,  be  formed.  In  this 
tr&y,  therefore,  decompositions  and  precipitations  may  tak< 
place,  or  new  confounds  be  made ;  and  thus  the  various  phfe- 
nomena  of  chemical  ajffiuity  may  result  entirely  tram  the  aizes 
and  figures  of  the  component  particles.  Besides,  as  w  aggr^ 
gation  or  division  of  the  elementary  particles  will  generally 
accompany  eveiy  chemical  change,  so  also  will  an  elevation  or 
a  idepressiou  of  temperature,  and,  therefore,  the  change  that 
ensues  in  the  temperature  might  serve  for  an  index  to  point  out, 
in  some  measure,  the  kind  of  change  that  has  been  effected ;  . 
sad. by  this  means  possibly  some  cfmjectures  might  be  formed  of 
the  pnysipi^  composition  of  many  bodies. 

I  might  now  extend  .my  observations  to  the  solution  of  many 
other  phBenomena  of  nature.  ]  might  show  that  the  fluidity  of 
boibes  arises  from  their  particles  not  having  a  sufficient  adapta- 
tion of  figure,  to  make  their  cohesive  tendency  overcome  the 
effects  oftbeir 'mutual  impulses,  due  to  the  limiting  temperatures 
at  which  they  are  fluid.  I  might  show  thictthe  boiling  points  of 
fluids  depead  chiefly  on  the  magnitude  of  their  paiticles,  and 
their  freezing  or  congealing  on  the  magnitude  and  adaptation 
conjointly.  I  might  show  how  different  combinations  of  the 
.  same  elements  might  produce  bodies  differing  essentially  in 
coioar,  solidity,  specific  gravity,  &e.  saeh,  for  instaiice,  as  char- 
coal and  the  diamond ;  and,  therefore,  that  notwithstanding 
saoh  bodies  may  be  composed  of  preciselv  the  same  constituent 
parts,  a  transmutation  from  the  one  to  the  other  can,  perhaps, 
never  be  expected,  unless  by  decomposing  them  into  their  con- 
stituent elements,  and  then  discovenng  some  method  of  reasso- 
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416  T/u  Causes,  Lam,  aitdPlutnc^m6fHtat,Ga$et^lfe.  fltiiij^ 
oictrag  Aoae  deauaU  ra  tin  partionlar  nanoai  diat  Bstnn.bw 
adopted.  I  might  likewise  imlbld  the  cauu  of  the  opacity  and- 
transpareiKy  ofDodies,  and  ahow  that  the  phseaomena  of  reBec- 
tioB  aad  refraotion  consist  io  two  distinct  forties  residing  the 
oofi  withoot  the  oUier,  and  acting  upon  the  luminous  putu^teB 
fl«pwately  and  distinctly  near  the  turlaoes  c^  bodies ;  that  the 
figures  of  the  molecules  of  light  are  the  caaae  of  the  f^  of  easy 
ralectioo  and  transmission ;  of  the  phc^KnneDa  of  poUnzatiMi ; 
and  combined  with  the  figure  of  the  mtcgrant  particles  of  donUy 
refraoting  crystals,  likewise  the  cause  of  double  refiaotioa  and 
its  ctHisequent  phaenomena.  And  by  the  same  principles  I 
might  show  how  to  explain  the  disproportion^  dispenuMi  ef 
li|^t,  and  the  various,  pasnomeoa  of  dinraction,  as  weU  as  the 


intersectionary  bands  latdy  discovered  by  Mr.  ^nox,  and  some 
circular  and  hyperbolic  bands  discovered  by  myself.*  I  wig^t 
also,  from  our  solution  of  the  problem  of  cavitation,  demonstrate* 
that  the  parUcles  of  light,  however  di^ent  w  size,  must  be 
emitted  with  nearly  equal  velocities;  that  the  Tek>city  of- the 
solsr  and  astral  light,  conformably  to  phtuiomena,  shonU  be 
neariy  equal ;  wad  mat  it  is  to  the  reciprocal  action  of  the  sQn 
end  stars,  that  gravitation  itself,  and  consequemdy  all  the  other 
'phsenoraeoa,  are  owing;  but  as  I  have  considerably  extended 
this  memoir  beyond  the  limits  I  at  first  intended,  and  as  nnr 
ideas  on  some  of  these  subjects  are  not  yet  sufficiently  matured, 
I  have  deemed  it  better  to  reserve  what  I  may  have  further  to 
say  to  a  future  period,  when  1  may  be  enabled  to  put  these  and 
some  other  things  together  in  a  more  methodical  form.     , 

For  like  leaaons,  1  shall  not  now  stop  to  inquire,  whether  the 
plMnonena  of  mBgnetisiu,  electricity,  and  galvanism,  are  refeA- 
bie  to  tfie  same  prmcipies  or  not.  Nor  shall  I  attenqit  to  -"'pr 
any  observations  on  the  still  more  metaphysical  proyertsio 
ascribed  by  Kewton  to  our  gravific  medium ;  namdy,  woethAi 
"  Seuaatio  omnts  excitatur ;  et  membra  animaliusa  ad  vphuita- 
tem  moventur,  vibrationibiis  hujos  spiritns,  persolida  narvenun 
capiUamenta,  ab  extecnis  aeasuum  organis  ad  cerebraai^et  ^i 
cerebro  in  musculos,  propaeatis ; "  for  these  are  speaulations^ 
much  too  metaphysical  for  this  place,  and  are  besides  things 
"  qu»  paucis  exponi  noo  possunt." 

L  am,  dear  Sir,  your  obedient  humble  servant, 
BrUtiyKnotOtma,^  May^Mm.  JoBN  HeBAPATH. 

*  UvMiModad  ta  mdu  lb«  mbtUBiie  rf  tbia  conuDUBiortioa > npyloMat (o m 
cmtwiiiiig  VI  wcouDt  of  tboe  bwdt,  with  a  madieiiuUicil  expBcatioD  ^.thdmiue  ; 
but  flcding  dial  I  timid  uoi  explain  mysdfiit  to  few  voids  ai  I  expeelal,-IlnTetlNiugIU 
itptfaabletsoant  tbeaptialpiMauigedM.'  .,-    'a 

t  llUnawiiNniat-KaiirlellQlt  bM  >fa«  amh«t  now  wwda  at  CtwifwJ,  ^ffwh. 
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ld««vMk'hiiff'*f  MbUamatiaaiiiiufaiiymtaw.CatNlst-Lftwaiiaad 
{MweJpal^nmiQdmemii'of^'Aeatj'  €&iK»)  .<ba«itatiiM^  ftcj^nof 
iq>^awflt>4o  Inin  dnkMbtetliat' aDotli«-'pBpcc''cc>ataiuaB|f  tlibi. 
reMlt<ifi«spenai6qtftiaeite'by-Hmi>'aodJBuBtratiKg^iao(H)na^: 
ofluS'VwwBj'^nMldiuiUnediatefyifadOn^)  awMiewdaccordiii^^ 
^odeabn' wsQgsmaitfiJr  tbe  i^^uaosaKiif  JtfaB,lattcf,ps^r'n: 
t^e  nottfaer^for  >tdy. '!  ■   '-■i!     .n'  •   .-.,    j  ■;<     ■  •■^   ''.••::■■:.■>  vi 

-^h«'CBroBiiiitaiioeB'niii6h!hEnc-nMdnsd  an  8Henlion<in  dMt 
phuk'Seomsaiy  hiving  originated  with  me,  I  ctmsider  it^pMptt- 
t6'^apa]ogixe  to  Tou'lar'Uiy'ifieoisnaiBaceivifUeh  aav^havb 
an<fltf«OJyoUnen,  or  foc;tdi&:dinnpf>iiitiiiei^: which  mav  be  fett' 
l^iyMrveaden  ftoai  my  witU»mii%  Has  paper,'  and  ptacaigjit' 
in  ttdifienoti-dwiuid.  v  ;i  ..i 

'Itthas'taowbeeD  pmfiented  todwiRajifll  AbcoBOj  by  Dnvint 
GUber^  Bsq^  MP^  VP'RSu^.  whoTecnnedit'Aom  mtyjkaa^t 

v>j>.  ■     '    1  Ian,  EMr^yanr  obedteBthmableaemntj        --..ij 

.'"ill.-  :       . ■j-mii u luwfKa^Bamr^m    . '   '  i  'h'  '..'J 

'^,'. .',    ';     ■'■■■'  'Aeticle :  tti  ,  ■  "   '  ■■  V-.  1^-".. " '  '--j 
,.,  jtna^jiso^rerrf^'s.    By  R.  PhillipB,  FRSK  8tc. 

■Hatiwo  lately  had  occasion  to  m»3tB  simbs  inquiry  into  the 
dififafiint  matfaoda  of  preparing  acetic  acid,  my  ^ttantion  was  of 
cowm  pattiCHlariy  directed  to  acetate  of  copper,  as  one  of  the 
sobfttsneea  from  whiofa  it  has  been  ofUn  procared.  l^n 
ie£tniBg>  to  the  moce  recent  chemical  authoM  to  ascertunits 
compentioD,'  I  conld  not  find  that  uiy  aaalyais  of,it  had  be«L 
tita«  fiiwoe  that  given  by  Prou^  aocof  diog  to  which  crystallized 
aeetate'of  copper  consists  of 

-       '    Aceticacid  and  w'ater. ......■..'.......  61 

PeroxidG  of  copper.  ,.'.,..'..  i, '.  39 

100 
Fiom  this  statement,  it  is  not  possible  to  learn  the  quanti^  of 
reid  a£id  cotitaitted''iil  th«  salt ;  loiade,  thertiiftire;  some  experi- 
ments to  determine  thi^  point.  Ac^c  acid  does  not  form  wfth 
tmy  substance  a  sufB^ntly  insoluble  compound  to  enable  ua  to 
detenniae  iti  eqarrelent  With  preciBion,  nor  can  tfae  whole  of  it  be 
obtained  by  distillation ;  I  adopted  as  a  substitute  the  following 
Inethod  :  One- hundred  grains  of  crystallized  acetate  of  copper 
were  dissolved  in  diatilled  water ;  excess  of  hydrate  of  lime  was 
added  to  tbA  scJution,  and  the  mixture  boiled. .  Tbe  oxide  of 
New  Stfkt,  VOL.  I.  '2  D  L.ooqIc 
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cofi^CT  irec^pitated,  and  dieiudieBOlTed  Iknei  wen  sep^^ateA 
by  the  niter;  through  the  cleai  solutioD,  coataining  excess 
01  lime,  I  paseed  a  oiurent  of  carbonic  acid  until  the  lime 
wu  predptnted,  and  I  thea  heated  the  solution  to  separate  an; 
•■rboaate  of  line  which  mif^t  have  been  ndisaolred  by  &e 
itatb^Bo  acid.  Harag  filtered  the  solutKW,  1  found  it  to  be' 
net^xal  acetate  of  Ume,  and  then  decomposed  it  mtb  carbonate 
ofooda,  wbicfa  gave  48*5  grs.  of  carbonate  of  Ume.  On  repeat- 
iBg  the  eiqieriiiteBi,  I  obtained  48*6  gn.  the  mean  being  48*55. 
One  hnndiied  grains  of  crystidltwd  acetate  of  comer  vere  dis- 
adved  in  water,  and  boiled  with  excess  of  potash.  The  peroxide 
of  copper  precipitated,  weighed,  after  washing  and  di^ibg;  38*9. 
wn.    On  r^wtitiaa  I   procved   39-6   grs.  grring  a  mean  <mF 

Aflcordina  to  Dr.  Thomson,  ma  atom  of  aeetie  acid  weighs 
63-7S ;  and  I  am  satiafiied,  from  various  experimants,  that  it  is 
very  neasfy  eonvset ;  and  if  we  consider  this  acid  to  be  composed 
of  three  atoms  ^ofhjfdrogeD,  three  of  oxygen,  and  fonr  of  carboov 
as  is.geneia%'  admitted,  it  will  be  represented  by  63*96  on  Dr. 
WoUaatm's  aoale,  asrseing  almost  precisely  wKhl)!.  Tbqmson's 
determinatitm.  If  men  i^  of  cariionate  of  Ume,  the  nun^ver 
reprMBntingiton.  the  scale,  give  63-96  for  acetic  acid,  48*S6  the 
carbonate  of  lime  resulting,  as  above  described,  from  the  treat- 
ment of  100  grs.  dF'acetate  of  copper,  wSH  indicate  49*2  of  acetic 
acid ;  so  that  we  may  consider  crystallized  acetate  of  copper  as 
composed  of 

.  Af^ti«qctd.. ,:...,... I... ..'....,.«...  49*2 

Peroxide  of  copper. 39*2 

lieilving  for  water i. 11-6 

100*0 
'  If,  as  is  generally  admitted,  peroxide  Qf  copperbe-a  compoiMtd 
of  two  atomd  of  oxygen  20,  and  one  atom  of  copjter  80j  ^ 
Atomic  constittUioD  of  verdigris  wiH  be  : 

Vj  tbeaty.  Bjr  exptnsieiu. 

2  atom*  of  acetic  acid 127*92  ....  128-84 

I  atopa  of  perojcide of  copper.  . .  100*00  ....  102*65 

3  atoms  ofWater: ;..;.    33-06  30*39 

261*88  261-88 

Dr.lTbomfioahas  lately  shown,  that  the  salf^  called  blue  vitriol 
i^  a  bisulphate  of  copper ;  and  in  additipn  to  the  reasons  which 
^e  has  assigned  for  this  opinion,  I  may  add  that  if  finely  divided 
carbonate  oflime  be  added  to  a  solution  of  it,  insoluble  sulphate^ 
of  copper  is  precipitated  with  effervescence,  and  as  the  saqte^ 
effecte  are  produced  with  the  soluble  nitrate  and  muriate  of  cop- 
per, and  with  the  acetate  also,  although  very  slowly,  I  Uiink  we 
may  conclude,  that  the  soluble  nitrate  and  muriate^  as  well  as 
~    ihe  sulphate  and'acetate,  are  bisalts.  ~  i  ~         I 
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Sbservatiom  upon  the  Gat  Blowpipe,  and  upon  some  of  the  more 
'  remarkable  Results  which  have  been  obtained  in  vising  t^t 
htstrumeitt  during  a  Course  of  Five  Years,  in  which  it  has  bettt 
constantly  employed;  being  a  Continuation  of  former  Remarks 
Kpon  the  Same  Subject.*  By  Edward  Daniel  Clarke,  LLD. 
Professor  of  Mineralogy  in  the  University  of  Cambridge } 
Member  of  the  Royal  Academy  of  Sciences  at  Berlin,  Gk.Icci 

(To  the  Editor  of  the  Atmals  of  Philosophy^) 

SIB,  CmnMdge,  May  I£,  ISSl. 

A  PERIOD  of  five  yeu^  has  now  elapsed  since  I  first  begaoa 
coarse  of  experiments  with  the  gas  blowpipe.  In  all  this  time 
those  experiments  have  been  ota  pablic  nature.  Upwards  of 
100  persons  were  present,  March  15  of  the  present  year,  whei| 
the  metallic  base  of  barytes  was  revived  and  exhibited.  It  had 
been  out  by  a  file  in  three  places ;  and  it  presented  such  a  high 
degree  of  metallic  lustre  that  it  seemed  as  if  the  points  of  three 
iron  nails  had  been  similarly  aeted  upott  by  the  file,  thia 
taetelKc  body  being  then  lefl  covered  only  by  a  glass  vesaelj 
speedily  became  Oxide^,  and  fell  into  a  white  pulverulent  eartl^ 
«  barutes.  In  this  experiment,  no  oil  had  been  Died  to  mix 
with  the  barytic-  earth  for  the  purpose  of  making  its  paitiolea 
adhere ;  it  was.takea  from  a  glass  vessel  in  a  oenpact  state;  04 
h  had  beefi  prepared  with  the  utmost  care  by  Messrs.  J^en> 
chemists,  of  London  ;  and  was  exposed,  per  se,  to  the  flarme  of 
the  gas  blowpipe,  supported  in  a  pair  of  forceps,  the  poiatS  of 
whieli  Were  made  of  luife.  The  reasons  which  h&te  eiven  lias 
to  the  opinion  that  the  tttetalHc  svibstanie-  thas  so  onen  exbi> 
Kted,  is,  in  ftict,  the  metal  ot  berytes,  are  Simply  its  pWmerty  of 
rapidly  decomposing  water  and  atmospherie  air ;  added  to  the 
pnrfect  metallw  lustre  which  it  discloses  to  the  action  of  a  file, 
&r  other  sharp  instrument.  In  addition  to  which  may  also  be 
mentioned  the  appearance  which  it  exhibits  prior  to  its  being 
mt.  It  has  dlen  a  high^  metallic  surface  resembhng  the 
stalactites  of  the  Mack  oxide  of  manganese ;  hut  of  a  jet-black 
shining  coloor,  with  occasional  melatltne  particles,  disposed  ib  a 
dendritic  crystallization  upon  the  dark  surface.  If,  hereafter^ 
demists  should  determine  that  these  characters  are  not  of 
themselves  sufficiently  decisive  as  to  its  metalhc  nature,  still  thd 
tutme  of  piatonium,'  which,  in  a  former  communication>  I  vei>. 
tared  to  give  to  this  appearance,  may  be  considere<l  as  usefat 
for  itA  diatioction.  because,  whatever  be  its  real  nature,  it  is  a 
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result  g(  fusion  posBessing  properties  of  a  peculiar  nature.  It 
differs  from  wood-tin,  wbich  exhibitB,  after  fusion,  the  same 
degree  of  metallic  lustre,  but  is  still  in  the  state  of  an  oiide. 
Bemg  guided  by  no  other  views  than  those  which  may  con- 
duce to  the  interests  of  science  and  the  advancement  of 
^tb,  after  once  more  calUag  the  attention  of  your  readers 
to  a  subject  not  unworthy  of  their  regard,  it  is  my  idten-. 
tion  to  consign  to  them  its  future  and  further  consideration; 
briefly  adding  what,  in  the  course  of  the  last  five  years  of  expe- 
rience, I  have  discovered  to  be  the  cause  of  failure  in  Qie 
attempts  made  for  obtaining  this  effect  of  fusion  in  harytes ; '  and 
moreover  a  few  remarks  upon  some  other  curious  phenomena 
which  the  use  of  the  gas  blowpipe  has  developed. 

In  the  first  accounts  which  I  published  of  experiments  with 
this  blowpipe,  the  propriety  of  mixing  the  oxygen  and  hydrogen 
gases  in  the  exact  proportion  for  forming  water  was  always 
insisted  upon ;  because,  when  the  hydrogen  gas  is  only  added  m 
slight  excess,  the  mixture  either  will  not  bum  at  all,  or  t^e  tem- 
perature of  the  flame  is  greatly  diminished ;  upon  the  elevation 
of  which  temperature  the  success  of  many  experlmenta  depends. 
There  are  some  experiments  for  which  only  hydrogen  gas  alone 
may  be  employed  combined  with  a  small  portion  of  atmospbeiic 
air ;  Or  hydrogen  gas  uncombined  with  any  other  aeriform  fluid ; 
but  the  temperature  is  then  greatly  lowered  ;  and  hence  may  be 
perceived  the  impropriety  of  natmog  this  instrument  the 
oxy-kydrogen  blowpipe ;  because  it  is  adapted  to  gases  of  all 
kinds ;  whether  in  a  state  of  explosive  mixture  or  not ;  some 
being  used,  as,  for  example,  oxygen  gas,  not  for  copibustion,  but 
merely  as  a  supporter  of  combustion,  to  propel  the  flame  of  a 
combustible  boay,  as  alcohol.  It  is  on  this  account  that  I  have 
preferred  caUing  it  the  gai  blowpipe ;  being  an  appellation  of  a 
more  general  nature  ;  applicable,  not  only  to  the  use  which,  I 
have  made  of' it  in  burning  the  gaseous  constituents  of  water, 
but  to  all  its  opemtions  with  condensed  gases  of  whatsoever 
nature  they  may  be.  But  to  return  ;  I  have  since  found  that 
for  communicaung  the  utmost  elevation  of  temperature  to  tbft 
flame  of  mixed  oxygen  and  hydrogen  gases,  it  is  better  to  add  the 
A^c&og'm  gas  in  greater  excess  than  was  at  first  thought  to  be  nepefr: 
aary  :  instead  oi  two  parts  by  bulk  of  hydrogen  to  one  of  oxygew, 
the  proportion  of  nine  to  Jvur  is  greatly  to  be  preferred ;  as,  for 
example,  nine  pints,  or  measures,  o{  hydrogen  gas,  tojour  pinta, 
or  measures,  of  oxygen  gas.*  The  operator  upon  opening  the 
valve,  to  set  fire  to  this  mixture,  will  immediately  perceive  bow 
much  more  explosive  it  is  than  any  other;  by  the  rapid  snap- 
ping noise  of  the  flame,  caused  by  successive  detonations  at  tlie 
mouth  of  the  jet,  while  he  is  lighting  the  gas  with  a  paper,,  and 

•  Thii  pM^xntitii  ou^  sqxcull]!  to  be  oburred  when  the  eikgtii  got  bu  Txai 
cAiluiMa  fimii  dM  a»i^  ^msR^UM,  ud  the  Ayin^M  4W  fow  l>e  dccmiinMHion  af 
tMttr  hj  irimJlSvgi  ictei  apm'bj hi^^hHc  acU. 
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w)iich  is,^  infatlible  sign  of  the  exceHence  of  his  gaseous  xt&x- 
ture  forall  experiments  when  the  highest  temperature  is  required. 
T&e  stoutest  platinum,  wire  will  run  before  it  into  rapid  lusioD, 
and  is  immediately  exposed  to  combustion.  Pure  magnesia  may 
tbuB  be  easily  fused,  aud  be  made  to  form  a  frit,  which  cuts 
glass  like  a  diamond.  The, edges  of  Iceland  spar,  that  most 
refractory  of  all  bodies,  when  exposed  in  thin  laminGe,  are  br 
the  flame  of  this  mixture  invested  with  a  white  opaque  enamel. 
Rubies  and  sapphires  become  liquid,  and  flow  together  into  one 
boiling  mass.  Grains  of  iridium  melt  and  bum  like  platinum: 
tJnder  these  circumstances,  if  the  earth  of  barytes  be  now 
exposed  to  the  powerful  heat  of  the  burning  gaseous  mixture, 
nhlesB  the  valve  be  partially  opened,  so  as  .to  culow  a  very  email 
body  of  flame,  like  the  point  of  a  fine  needle,  to  act  upon  it,  it 
will  be  converted  into  a  greenish  glass,  orinto  a  substance  exter- 
nEilly  resembling  born',  disclosing  no  metallic  lustre  to  the  action 
of  the  file.  In  my  fifet  experiment  this  year  for  exhibiting  the 
metallic  base  of  barytesj  the  attempt  entirely  failed  ;  but  1  vres 
thereby  guided,  for  the  first  time,  to  the  cause  of  the  failure  ; 
for  the  miryles  which  fiiiled  was  taken  out  of  the  same  bottle  as 
that  which  afterwards  exhibited,  in  so  imminent  a  degree,  the 
tnttallic  lustre  I  have  already  described.  The  cause  was  owing 
to  the  length  of  time  in  which  iusion  had  been  going  on,  and 
the  too  powerful  heat  to  which  the  revived  metal  had  been 
exposed:  it  came  away  ^together  in  white  fumes,  settling  upon 
the  forceps,  and  tinging  the  dame  with  that  olive-green  colour 
which  always  characterizes  the  combustion  of  the  metaUic  base 
of  barytes.  The  same  would  happen  with  stiver :  the  whole  of  the 
metal  would  be  dissipated  in  white  fumes,  which  would  settle  upon 
^he  supporter  if  the  heat  be  continued  long  enough,  and  the 
flame  also  is  in  this  experiment  tinged  of  a  paler  greenish  hue. 
For  exhibiting,  therefore,  the  metallic  lustre  oi plutonium,  call  it 
a  metal,  or  a  protoxide,  or  by  whatsoever  other  name  chemists 
may  hereafler  decide,  it  is  necessary  that  the  experiment  should 
be  conducted  with  care.  The  barytic  earth  should  be,  in  the 
first  place,  rendered  as  perfecUy  an  anhydrate  as  possible ;  the 
presence  of  an  atom  of  water  would  inevitably  cause  the  experi- 
ment to  fail.  Of  course  it  is  hardly  necessary  to  add,  that 
water  ought  by  no  means  to  he  used  as  a  substitute  for  oil  in  the 
safety  cylinder ;  for  this  would  again  give  rise  to  failure; 
Having  a  small  cake  of  the  hard  anhydrate  of  barytes,  supported 
by  a  pair  of  forceps,  allow  the  flame  gradually  to  act'  upon  it, 
until  it  exhibits  after  fusion  the  deep  jet-black  substance  1  have 
before  alluded  to.  Then  while  it  is  hot,  rub  one  of  the  promi. 
nent  points  of  this  black  substance  upon  the  sharpest  and  finest 
file,  previously  made  warm  before  the  fire,  taking  care  not  to  cut 
it  .too  deep,  because  that  would  disclose  the  Barytic  earth  yet 
remaining  below  the  part  which  has  been  fused.    The  metallic 
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luHtie  ought  to  equal  that  which  ii  pre»ent«d  after  filing  &e  eai 
of  8  piece  of  ircm  wire,  or  the  expensoeiit  haa  iailed . 

It  DAS  ^ways  failed  whca  the  fuaed  botytei  learea  tnoea  off 
white  powder  upon  the  file. 

It  haa,  moreover,  alwt^v  failed  when  the  fu8e<l  mass  exfatt>ita 
'  ttie  aligbtest  degree  of  tnuuluceoey ;  or  is  of  a  grey,  greeudti 
or  Halite  coknv. 

.  It  hu  «lwa]ps  &iled  when  the  entoianeDt  haa  been  prottvc^ 
beyond  the  pout  at  which  the  metal  begins  to  bmn,  qnd  ia  disai* 
pated  in  white  iumes. 

To  all  those  geatlemeo  who  have  so  often  witaessed  the  pert 
feet  metaUic  appearance  of  the  mdted  b^aytm  in  my  leetara 
roon  lit  Cambn^e,  I  may  now  appeal  for  the  tniui  fy[  lh« 
result ;  being  very  anxiouB  that  others  should  also  witness  th? 
same  ^pearance,  to  whoae  testimony  it  may  never  be  in  my 

Sower  to  appeal.  It  would  be  to  no  pui^ose  enumeratiiig 
le  names  of  those  who  have  been  present  with  me  during  my 
eKpeiimenta ;  peraona  not  only  of  this  University,  but  from 
variooa  parts  of  the  kingdom,  Tiaiting  Cambridge,  have  satisfied 
themBelves  in  this  respect.  Upon  April  10,  1819,  there  wen 
Miesent  for  this  purpose  irom  London,  Mr.  W.  Hamiittm,  Under 
pecretaty  of  State ;  our  Envoy  to  CoBstandnople ;  Mr.  B.  Frtrt; 
bis  biDtliei  Mr.  Serjetmt  Frere,  Master  of  l>offining  College; 
Mr.  M^er,  Consul  at  Corfu  i  Mr.  Ma.ckatx.ie,  of  toe  Foreign 
Dffioe ;  and  also  Colonel  Ltaket,  of  the  ArtiUeiy ;  oil  ef  whoio, 
tndependeDtly  of  those  whose  residence  here  g^res  them  moK 
fi>equent  opportunities  of  being  present  at  these  expesmentfi) 
are  able  to  vouch  ibr  the  truth  of  the  statement  I  have  loade. 

But  so  lately  as  the  2Sth  ei  April,  of  the  present  year,  JW". 
Milller,  of  Copenhagen,  tc^ether  with  several  gentlemen  of  tiui 
University,  were  present  at  a  series  of  experiments  conducted 
with  the  gaa  blovpipe,  and  all  of  then^  witnessed  the  revived  of 
the  metal  of  borates  by  means  of  this  instrument.  The  experix 
ment  was  conducted  as  before  described ;  and  was  repeated  in 
their  presence  always  with  the  same  result.  Prof.  MiilUr  took 
away  with  him  a  specimen  of  the  metal  so  revived  ;  but  which 
of  course  would  speedily  afterwards  be  again  cfaiverted  into  the 
iMate  of  an  oxide.  It  is  sufficient,  however,  to  observe,  th^ 
Ihey  ell  saw  it  in  the  metalUo  stale.  If,  therefore,  Uie  expeii- 
menta  elsewhere  should  not  be  attended  with  the  same  resuhs, 
ihe  circumstance  must  admit  of  this  obvious  inference ;  that  the 
meana  resorted  to,  and  the  manner  of  using  the  instrumenf^ 
have  not  be^i  made  adequate  to  the  end  proposed,  which  other- 
wise might  have  been  accomplished. 

The  other  chemiod  changes  which  bodies  undergo  when 
exposed  to  the  full  powers  of  the  gas  blowpipe,  and  which 
wpear  to  me  to  be  of  a  nature  sufBcieotly  remarkable  to  mfiil 
(he  attention  of  chemists,  are  as  follow : 

uiriieobyGoOglc 
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}.  Moekay$t(tl,  (sr  »ij  other  highly  refraotoiy  silicmus  or 
aluttifoits  sabstaDCfi,  being  allowed  to  fall  i^on  4  deal  bpardj^ 
while  in  fusion,  and  Uiere  left  to  become  cool,  exhibits  upon  the 
surface  that  came  into  contact  with  the  wood,  where  it  lorms  a  . 
charcoal  cavity,  a  meteUlic  lustre,  equal  to  that  of  poUshed 
silver.  This  ntetalHc  appearance  may  be  preserved  for  ai^ 
length  of  time  unaltered.  Some  of  the  students  in  thi^  Univer- 
sity have  preserved  specimens  of  melted  rock  cryttal  thus 
unvested  by  a  seetQing  metallic  body,  the  natwe  of  wbi(di  ia 
luiknown.  -  , 

'  %  Whiteopame  auartx  melted  in  the  flame  of  the  gas  blowpipe 
t>ecomes  so  nighly  Im^id  and  transpareatj  that  after  fusion  it 
has  all  the  appearance  of  rock  cryttal.  The  Plutonisfs  may, 
perhaps,  hence  infer^  that  the  transparenay  of  rvek  crystal  V) 
owingto  the  heat  it  has  siistained. 

3.  The  varied  and  striking  colours  of  metalHp  oxt^  ar^ 
surprizingly  developed  by  the  flame  of  this  blowpipe.  Among 
these,  one  of  the  most  striking  from  its  beauty  is  the  intense  leC 
or  bright  purple,  colour  of  the  ooside  of  cakiztm,  as  displayed 
during  the  fusion  of  Iceland  spar.  It  is  a  colour  which  oannofc 
easily  be  described  ;  being  much  more  vivid  and  striking  thuf 
the  colour  which  the  oxide  of  strontium  conuniujicates  to  th^ 
9ame  dame,  and  of  a  livelier  hue.  Add  alfio  the  besutilul  rotg 
colour  of  the  oxide  a/gold,  after  its  cojubustioB  npoDBipe-dajf  j 
.>     J  ._  i_        r.-t.  _....  J  -  --^j  of  gold  ar"  '  " 


the  deeper  purple  hue  of  the  compound  eaddes  of  gold  and  ttn^ 
when  the  allov  obtuned  fcom  the  precipitate  of  easHufl  has  ^imr 
larly  sustakiea  combustion,  the  green  oolour  of  the  Qudde  (^rhih 
dium,  Stc.  &£.  '  : 

4.  The  gaseous  fluid  which  escapes  during  1 
silica,  has  never  been  collected,  and,  of  course,  1 

5.  The  dark  powder  dispersed  duringthe  co 
num  requires  tiirther  examination.  From  E 
made  with  this  substance,  of  which  I  befi 
account,*  it  seems  to  be  the  protoxide  of  the  n 

6.  The  dark  sooty-looking  powder  that  remains  after  the  solu- 
tion of  crude  plattna  in  tiitronmriatic  acid,  divested  of  all  metal,- 
lie  particles  which  may  remain  undissolved,  aotd  consisting 
easeutially  of  the  oxides  of  iridium  and  oinfiifln,  is  one  of  thp 
most  refractory  substances  that  have  been  exposed  to  the  go^ 
blowpipe.  By  making  a  filter  which  was  invested  with  wis 
powder  into  a  pellet,  and  exposing  it  upon  charcoal  to  the  full 
power  of  the  name,  I  succeeded  in  melting  it  into  a  brittle 
metallic  mass  mixed  with  a  deep  blue  glass,  which  had  resulted 
from  the  silicated  alkali  contaimed  in  the  paper  of  the  filter,  as 
in  all  vegetable  bodies.  It  was  not  rendered  malleable.  The 
surface  of  the  charcoal  during  this  experiment  was  covered  'with 
an  oxide  of  a  dark  lilac  purple  hue. 
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'  7.  The  beautiful  iHdeBcent  crystals  wblcK  fbrm  io  the  aque'oHB 
doluUon  of  the  muriates  obtained  by  dissolviiig  crude  p/dftnd  8i 
niiromuriotic  acid ;  and  after  the  precipitation  of  ptalinum  by 
muriate  of  ammonia,  are  easily  reduced  to  the  metallic  Btate  upon 
charcoal  by  the  flame  of  tne  gas  blowpipe.  The  metal  so 
obtained  is  perfectly  malleable,  and  has  all  the '  charactefG  b( 
platinum;  excepting  that  it  is  almost  insoluble  in  nitromuriatic 
acid,  even  when  this  acid  is  in  a  boiling  state ;  owing,  probably, 
to  a  small  portion  of  iridium  with  which  ihe  platinum  is  conn- 
minated. 

8.  The  prussiate  of  palladium  obtained  by  the  precipitation 'iJ 
this  m^eiby  prussiate  of  mercury ,  maybe  aecomptised,  andtiie 
pae  palladium  revived  upon  charcoal,  with  all  the  whiteness  of 
8dvef,andmade'perfectly  maJleable.  This  last  experim^t  with 
the  g«8  blowpipe  is  remarkable  for  the  beautiful  Sapphire-btue 
colour  with  which  the  flame  is  tinged  during  the  reviral  of  the 
palladittm.  Itaffi)rds,  moreover,  one  of  theeasiestpi'DceBsesfor 
Obtftiniae  small  specimens  of  pure  palladium  to  which  the  che- 
mist caiThave  recourse.  All  that  is  necessary  is  briefly  thiB: 
Dissolve  cnide  plalina  in  nitromuriatic  acid;  evaporate  to  dry- 
ness ;  add  distilled  water;  precipitate  the  platinum  hy  ktiifiate 
of  ammonia ;  filter  the  supernatant  solution ;  precipitate  prusstafe 
of  palladium  by  prussiate  of  mercury,  and  collect  the  precipitate 
Upon  a  filter.  Now  make  this  filter  containing  the  precipi- 
tate into  ft  pellet,  and  expose  it  upon  charcoal  to  the  name  of 
the  gas  bkwpipe.  The  result  wilfbe  a  malleable  b^ad  of 'flie 
purest  ^//afflum,  coated  over  with  blue  glass  from  the  siSeeted 
alkaU  c^  the  paper  filter^  which  separates  from  the  metal  "Apon 
the  first  blow  of  a  hammer.  Glass  will  also  appear  in  all  experi- 
ments for  the  revival  of  metals  where  Altera  have  been  thusused. 
It  is,  perhaps,  asimilar  result  to  the  glass  which  remains  after  the 
combustion  of  bank-paper  notes. 

■  '  9;  The  revmJ  of  the  salts  and  oxides  of  the  four  metal's  bbtained 
from  tcceDMXCtuB  platinum;  namely,  iridium,  osmium,  palladium, 
and'  rhodium,  whether  as  alloys,  or  as  pure  metals,  affoiNi  some 
of  the  most  curious  and  amusing  experimeuts'  with  ihk  gas 
bloumpe.  The  last  experiment  with  these  metals  it'bleh  I 
fehalf  now  des^^ribe  relates  to  the  revival  of  rhodium  froifa  its 
oxide,  as  obtained  in  the  following  manner:  After  the  solu- 
tion ■  of  crude  plalina  in  nitromuriatic  acid,  having  fied- 
pitdtei  platiTium  by  muriatt  of  ammonia,  and  pallaaitim  by 
prussiate  of  mercury ;  ahoironoy  prussiate  ofpotass,  immerse  a 
clean  plate  of  zinc  into  the  filtered  fiquor,  ana  leave  it  for  several 
hoars.  A  precipitate  will  fall  of  a  brownish-red  colour,  which, 
when  diy,  is  black.  Before  the  gas  blowpipe,  the  filter,  con- 
taining this  precipitate,  exhibits  a  sort  of  coruscation,  hke  a 
little  firework ;  but  at  length  a  slag  will  remain  on  the  charcoal 
of  an  iron-brown  colour,  containing  within  it  a  bead  of  a  iflveiy^ 
white  metal.    This  metel »  harder  thtm  "wrought  iiou.    It  vru 
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also  biittle..  I  endeavoured  to  dissolve  the  slag Wntainingit^ 
boiling  ii'iD  caustic  potass,  but  could bbt  succeed.  Afterward^ 
I  Eidded  mlromuriattc  add,  and  having  evaporated  the  acid^ 
dryness,  there  rtmained  a  rose-cOlourea  salt.  Still  the  bead  ,of 
metal  remsided  chiefly  undissolved.  I  then  fused  it  with  sul^ 
phur,  and  expelled  the  sulphur  on  charcoal  by  thfi  mmmnn  hlnw. 
pipe.     Still  Uie  metal  was  brittle.     I  then  tried  t 

pipe-clay  with  borax ;  it  was  infusible ;  but  it  i  . 

DroiDTi,'  and  afterwards  a  black  colour  to  the  bi  i 

the  hues  of  the  deutoxide  md  protoxide  otrhod  [ 

also  in  these  experiments  always  became  black 
is  another  character  oirhodium.  Bymixiogtog 
potass  and  borax,  m  equal  parts,  I  found  I  i  [ 

perfect  fusion  upon  cAarcoai  nefore  the  commo  ; 

dtstinctly  discern  the  minute  glolsules  of  metal 
boiling  nux.     Still  the  result,  when  cold,  was  I  I 

black.     I  then  boiled  it  again  in  nilromuriatic  i 

.  poratioo  tp  dryness  had  a  beautifiil  rosy  mvriat  '. 

a^ded  the  acid  once  more,  in  a  dilute  state,  with  comnmn  salt'. 
The,  rosy  soda  muriate  appeared  as  it  became  dry.  I  washed  the 
residu^  repeatedly  with  alcohol,  and  dried  it.  Distilled  water 
■was  then  added,  and  the  solution,  by  gentle  heat,  being  evapo- 
rated to  dryness,  the  rosy-coloured  soda-muriate  appeared  as 
before ;  but  in  less  quantity.  These  experiments  were  con- 
ducted upon  a  bead  of  metallic  rAoiiiUTn,  revived  from  its  oxide  . 
before  the  gasblowjKpe,  the  weight  ofwhich  originally  could  hardly 
haveequalled  1-lOth  of  a  grain.  When  the  oxi'ife  has  been  obtained 
in  greater  quantity,  nothing  more  is  cecessary  for  its  revival, 
than  to  mix  it  with  oil,  and  expose  it  ttpon  charcoal  before  the 
itame,  which  should  be  made  to  act  vertically  upon  the  oxide  by 
means  of  a  bent  tube. 

The  experiment  ia  beautiful,  owing  to  its  simplicity,  to  the 
fecility  with  which  it  may  be  conducted,  and  to  the  curious 
result  which  follows  it ;  namely;  the  revival  of  metallic  rhodium, 
exhibiting  all  the  whiteness  and  lustre  of  the  pureut  silver,  and 
being  perfect lif 'malleable.  This  experiment  Was  attended,  with 
more  than  usual  success  on  Saturday,  May  12,  when  it  was 
pubhcly  performed  in  my  lecture  room  in  Cambridge.  The 
black  oxide  of  rhodium,  precipitated  from  its  solution  by  xinc, 
was  mixed  in  the  form  of  powder  with  oil,  and  exposed,  laaa. 
charcoal,  to  the  flame  of  tJte  gas  blowpipe.  It  was  first  mefted 
into  a  black  sIe^  j  then  into  a  brittle  white  regulm,  which,  by 
continuance  of  the  heat,  became  a  bead  of  metal  as  white  as  the 
purest  silver.  It  then  began  to  bum,  like  platinum,  with-sciit- 
tillation ;  and  the  Same  of  the  burning  metal  was  tinged  with  a 
fine  emerald-green  colour ;  proving  that  one  of  the  oxides  of 
rhodium  may  nave  the  same  hue.  The  bead  of  inetal  was  then 
placed  upon  an  anvil,  where  it  sustained  the  shocks  of  a  large 
.bunmer  i..ttnd. was. Anally  extended  and  flatt«ned  in  ibs  fona.  It 
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isr  therefore,  evident  that  rkp^m  taty  be  rolled  iiitd  pmie  into 
foil  like  B^o'inum.  But  Uiereiq  onecurioits  oircumstance  which, 
will  render  it  always  brittle.  If  a  quantity  of  the  toda-wttmate 
be  mixed  with  the  black  oxidt,  a  regular  may  he  rerived ;  but 
no  deeree  of  beat,  nor  any  repetition  of  fueioQ,  will  render  it 
jnallei^le.  A  portion  of  it  will  Uiea  always  be  converted  into 
glass,  and  it  will  exhibit  a  granular  texture,  depriving  it  ofi^al- 
Kabiuty,  Not  is  the  toda-muriate  ibaelf  »0  likefy  io  be  revived 
in  a  malleable  state  as  the  black  oxide  of  the  metal,  which  uerei: 
fitila. 

10.  Tlte  har<^  carbonate  of  magnesia  &oa  the  East  Indies^ 
described  by  Dr.  Henry,  in  a  late  number  of  the  Aimal*  of  PA*- 
loso^y,  fused  before  the  gat  blowpipe  into  a  white  enamel,  com- 
municates a  purple  colour  to  the  name. 

11.  A  remarkable  diHerenoe  may  be  observed  in  the  fusion  of 
the  several  crystallized  and  amovf^ous  vajrieties  of  the  phosphates 
of  hme.  Some,  like  the  white  opaque  apatite,  from  I)evo7uiuref 
^ins  into  a  jet-black  gloss  which  is  magneUc;  others,  as  the 
concnoidal  apatite  of  modunt,  in  Norway,  and  the  earfhy  apatite. 
of  Estremadoura,  fusing  into  greeotah  and  limpid  glasses,  which 
have  no  mi^netic  properties. 

To  conclude  all  these  observations  upon  the  gat  blowpipe,  it 
will  he  useful  to  some  of  your  readers  to  be  informed  of  the  best 
method  of  preserving  the  bladders  employed  for  containing  the 
gaseous  mixture ;  because  it  is  diScuU  to  meet  with  very  large 
.bladders,  and  they  are  soon  rendered  un&t  for  use  without  the 
foUowing  precaution.  Let  them  be  kept  cace&iUy  nibbed  over 
lyith  oil,  and  distended  with  common  air,  wh«i  not  wanted  for 
experiments.  By  attending  to  this  mode  of  preserving  them, 
we  have  found  that  the  same  bidder  may  be  made  to  last  in 
constant  use  for  %h.esas  blowpipe,  upwards  of  two  years,  witbaut 
be4;onung  porous,  which  so  ftequeotLy  happens  where  the  oU  has 
n<>t  been  applied,  in  consequence  of  the  attacks  of  insects, 

EowARD  Daniel  Clabke. 


Articlb  IV. 

Rephf  to  Dr.  Yelloly's  Remarki  on  the  Etiimate  of  Mortality 
J'ntmthe  Operation  t^  Lithotomy.    By  W.  Prout,  MD.  FRS.' 

(To  the  Editor  of  the  Annah  of  Philosophy.) 

DEAR  SIB,  Jtfni/9,  1821. 

In  reply  to  Sjr.  Yelloly'e  remarks  on  my  estimate  of  morta- 

!ity  from  the  operation  of  lithotomy  in  your  last  number,  I  beg 

leave  to  observe  that  the  adoption  of  tht?  ratio  alluded  to  is  not 

the  result  of  inadvertency,  but  design.     My  object  is  to  give,  a 

5 
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ratma  which,  in  the  {ireuOt  iBKHroved  atate  ctf  sorgfry-Blidl  tele* 
nhiy  well  serve  for  the  wht^  Kingdom.  The  data,  we  posaou 
axe  obviously  too  imperfect  to  aamit  of  this  being  done  wit^ 
sauch  preciBioD,  and  tne  ratio,  actually  deducible  from  them  (vi& 
1  ia  about  6|)  eeemi,  when  all  the  ciroumatanc^  are  duly  con^ 
sid«red,  io  exceed  Ule  truth.  On  the  other  hand,  the  ratio 
deducible  on  general  principleB  from  the  same  data,  though 
of  course  not  necessarily  more  correct  than  the  actual  one,  hap- 
pens to  coincide  more  neariy  with  my  views ;  hence  (and  as  I 
am  also  reasoning  generally),  I  give  it  the  preference.* 

The  circDiustance  which-renders  the  data  in  question  partico- 
larly  defective  in  their  not  including  the  metropohB,  where, 
according  to  Mr.  Smith's  estisaate,  two-fifths  of  the  whtde  nunt- 
ber  of  operations  in  the  kiogdom  are  performed.  We  have  no 
mews  of  obtaining  correct  information  on  this  point,  which  ia 
tnnch  to  be  regretted,  but  when  we  t^e  into  account  the 
aclcnowle^ed  skiU  of  our  surgeons,  and  the  fact  that  neibi^ 
one-half  ofthe  above  propwtion  of  cases  are  priv^e,  in  whicA 
of  course  every  eircumstance  that  united  extraordinary  skill  and 
attention  can  devise  to  ensure  success  is  attended  to,  we  cannot 
hesitate,  J  think,  to  draw  the  oonduston,  that  the  rate  of  morta- 
li^  is  as  favourable,  if  not  more  so,  ip  London,  as  in  any  part 
of  the  couUry.  Thii  circumstance,  if  admitted,  wilj-  tend  to 
■djaiiniah  eonuderab^  the  general  ratio  of  mortality ;  perhapsj 
ireduoe  it  to  1  in  7,  or  upwards,  even  according  to  the  UBuai 
BKtde  of  e«tiB)atkiB  by  taJung  the  averse  of  a  number  of  past 
years.  But  this  mode  of  estimation  is  not  exactly  applicable  to 
my  purpose.  I  wish  to  represent  the  rate  of  mortality  as  it  exists 
at  tnis  time,  when  I  am  willing  to  beUeve  the  sui^cal  art  is  more 
perfect  than  at  any  fomer  period  :  this,  if  admitted,  will  allow 
4  {itill  &irther  rednction  in  the  rate  of  mortality ;  so  tJiat  upon  th^ 
whole,  I  trust  the  ratio  given  does  not  much  exceed  the  truth; 
and  if  it  does,  I  a<^owiedge  that  I  feel  much  less  regret  in  fall- 
ing into  an  error  on  this  aide  of  the  (jueatioa  than  the  otber.f 

Such  are  the  principal  reaaons  which  induce  me  to  prefer  the 
general  ratio  I  nave  given  to  that  actually  resulting  from  my 
ia^erfect  data.  I  do  not  mean  to  assert  that  they  are  absolutely 
coBclusive,  but,  on  the  contrary,  willingly  admit  that  there  u 
room  for  diversity  of  opinion  on  liie  subject.  Every  one,  there- 
fore, must  decide  for  himself. 

*  SfMiu.,  genenllj  speaking,  an  coneol  in  proportipn  to  tka  muDber  of  obterrB* 
fioDB.     Thui,  Grom  Ifae  ntul[i|£ad  ab«erTUiaiu  of  Ibe  Bristol  dUa,  the  mnn  dadueed 

on  gmetal  priodplea  difien  very  little  bom  tiu  actual  mean,  ll)ini£b  both  ate  endentlj' 
very  far  bdow  me  general  mean  as  applicable  to  the  whole  kingdom.  On  the  other 
hta^,  the  inean,  u  deduced  in  general  prindplea  from  the  Norfolk  daWi,  hqipcM  U 
coDsdeiabl;  exceed  tlie  actual  mean,  the  period*  of  obstivation  being  only  two  (viz. 
i^fire  and  n/)fr  puberty).  This  error  in  excesi,  boDEver,  though  of  a  diifereot  Idnd, 
(eryes,  in  the  final  genealizatioB,  to  counteract  IbBerrorofdeBdencyintheBriBtd  data. 
"t  Dr.  MatcelestiQiates  the  mortality  in  Guy's  Hospitalat  about  I  in  1.  Mt,  M«r- 
tineou,  of  N6cwldi,hu,  1  undentand,  diuing  the  Iwt  IT;ein,pcit<}nuedt{ie  opentiun 
ti>  linMs  with  the  loas  of  odJj  two  pMiaits. 
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Vtatti  tbe-somruary  nature  of  my  Ktde  Vblume  theaioTe  baa 
1»en  omitted,  as  wellasa  great  deal  more  on  some  other  |i6ints, 
which  I  fear  will  in  conseqaence  be  liable  to  be  misuiidersto'od^ 
1  hope,  however,  to  have  it  in  my  [lower  to  obviate  this  objectibD 
at  no  very  remote  period.  I  am,  youre  truly, 

William  Prout. 


Article  V. 

Vpoh  a  new  Nydro-Tntuma'tic  Slowpipe,  so  constructed  as  to 
maintain  during  two  Hours,  uninterruptedly,  a  Degree  of  Heat 
capable  ofmellmg  Platinum ;  and  this  bif^ppellinz  the  Flame 
'of  a  small  Wax  Taper  with  Atmpmhenc  Air.  By  Edward 
Daniel  Clarke,  LLD.  Professor  of  Mineralogy  in  the  Univef- 
sity  of  Cambridge,  Member  of  the  Koyal  Academy  of 
Sciences  at  Berlin,  8tc.  &c. 

(To  the  Editor  of  tfie  Annals  of  Philosophy.) 

am,  ■    Cambriigt,»tUgU,lStl.- 

To  the  Tarious  snccettsire  improvements  which  the  ^oic^^ 
las  received,  we  may  now  apparently  add  another,  possessed 
of  considerable  advantages;— I  allude  to  that  formofme  ifistra^ 
ment  -wherem  the  air  is  propelled  from  a  jet  by  the  pressure  6f  a 

3tiantity  of  water ;  this  being  the  kind  of  blowpipe  on  whioli 
lese  inrororements  are'founded. 

Tb€  advantages  of  the  old  instrument  consisted  in  the  opera- 
tor having  b6tn  his  hands  at  liberty  ;  and  in  the  relief  which  it 
affi)rded  m>m  that  fetigue  and  possibility  of  injury  to't^e  lungs 
incident  to  ft  protract^  restraint  on  their  free  action,  to  whio) 
persons  using  the  common  mouth  blowpipe  were  liable.  '  'T6  ' 
these  advantages,  which  the  new  instrument  also  possesses,  we 
may  add  the  following : 

i.  Either  common  air,  or  any  other  gaseous  fluid  may  be  used 
for  tiie  propelling  ciirrent,  by  condensing  it  in  the  reservoir,  and 
thus  experiments  may  be  made  on  the  fusing  powers  of  the  dif- 
fereatgases  with  penect ease  and  convenience. 

2.  'the  -power  of  entire  exhaustion  possessed  by  the  new 
infstmment,  ensures  the  operator  from  any  admixture' of  common 
air,  where  oxygen  gas,  or  any  other  gaseous  fluid  is  to  be 
employed. 

3.  The  oM  instrument,  although  very  useful  forbending  tabes, 
or  other  ordinary  purposes,  required  to  be  repeatedly  restored  to 
action  by  fresh  supplies  of  air,  at  intervals  seldom  exc^edingfive 
mlmttes,  in  the  common-sized  instruments.  In  the  new  instis^ 
ment  there  is  this  great  improvenlent ;  that  a  stebdy  flame  of 
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shape  and  itniforia  temperature,  uiuat«nupted  by  casual  curreQta 
iropi  the  pneumatic  reservoir. ' 

-  4.  The  troublesome,  inteiruptions  caused  by  the  ejectioa  of, 
water,  while  supplying  the  fuiparatua  with  air,  which  werts  coat' 
moa  in  the  old  instrument,  do  not  happen  in  the  new  one. 

5.  The  new  instrument  may  remain  unemployed  for  any  length 
of  time,  being  always  ready  for  instantaneous  use,  and  requiring 
no  other  preparation  thna  merely  that  of  lighting  the  wax  taper, 
employed  to  supply  the  flame.  ' 

The  manner  in  which  this  instrument  was  brought  to  its  pire- 
sent  state 
uninterest 
mechanic; 
uneducatc 
employed 
ing  me  rej 
wished  to 
To  this  1 1 
tinned  to 
would  rati 
such  freq' 
eyery  five 
the  inside 
very  awkv 
in  good  ei 
the  subjec 
appaiatus. 
make  as  i 
Johnson  T 
the  impro 
manufactti 
ments,  go 
for  almost 

4  trial  I 
blowpipe  t 
rtUogy  nef 
sufficient 
witnessed 
usually  pr( 
the  condei 
cone  of  fl: 
some  thicl 
whatever, 
combustio 

common  a         ., .  ,  „        . 

an  instantaneous  fusion. 

Had  we  possessed  this  apparatus  before  the  got  blowpi^  waa 
invented,  many  of  the  results  obtained  by  that  powerful  mstra- 
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ment  woidd  liare  been  anticipated.  ](  ig  ocft  to  be  ^eet«dt 
however,  that  the  fireing  powers  of  Ae  twT>  blowpipes  eaa  be 
compared  together ;  but  hota  the  s^ety  of  Tofi't  blowpipe,  a- 
diilii  may  ose  it ;  wheieas  the  other  wotild  be  mdeed  a  dainger- 
o'oB  toy. 

In  the  old  apparatus,  when  the  iaetni- 
ment  is  chttTgea,  the  space  E  C  G  H  is 
occupied  by  air,  and  the  water  rises  to  the 
iJotted  line  C  D.  When  it  haa  been  kept 
in  action  until  the  water  has  its  surfiice 
at  title  dotted  line  A  B,  the  acUon  ceases, 
and  tfie  space  E  A  F  C  must  always  remain 
filled  with  common  fUr. 

In  the  improved  hydro-pueBiuatic  appa.' 
rttns,  which  I  have  called  TojTa  blotejnpe, 
when  the  instnnuent  has  been 
charged  for  use,  P  P  is  fiBed 
With  air,  and  tjie  water  remains 
entirely  abote  it  in  the  vessel 
Q,  whenceitwill  descend  throBgh 
Ae  cylinder  O  E  so  long  as  any 
air  shall  remaitt  in  the  reserroir 
P  P,  and  the  water  will  entirely 
fin  tbia  reserroir ;  so  that  what- 
ever air  it  may  be  desirable  nest 
fo  mtroddce  will  again  displace 

^e  water,  and  drive  it  up  to  Q  withoat  -admitt&A  of  comnfon 
ait.  .       .  .       , 

All  gasis  are  Introduced  by  means  of  a  bladder  and  a  conden^ 
ing  syringe,  which  screws  on  to  the  8top*cOclt  Fi  A&d.it  has- 
been  found  better  to  introduce  atmospheric  air  with  a  syringe 
^an  to  fill  the  reservoir  witit  air  from  the  lungs  ;  also  to  sup^rfy 
the  machine  wiA  water;  or  to  remove  it  by  means  of  a  common 
siphon. 

'  The  ihstt-ument  is  so  simple  that  a  more  minute  description  of  it 
is  unnecessary.  Upon  these  principles  it  is  manufactured  and  sold 
by  Mr.  Neiimtm,  maker  of  philosophical  apparatus,  in  lAste- 
itreet,  Leicester-square.  The  usual  size  of  one  of  these  How-  ' 
pipes  is  two  feet  high,  two  feet  long,  and  five  inchbs  wide. 
Tney  are  made  either  of  copper  or  tita,  and  enclosed  in  a  woodAl 
case,  which  serves  as  a  table,  and  a  rest  for  tlte  arms ;  the  wax 
taper,  being  sunk  into  a  cylinder  at  X,  is  elevated  or  depr^ned' 
try  uaeans  oi  a  screw  and  a  rack.  But  a  stationary  spint-lamp, 
if  it  should  be  preferred,  may  be  fixed  in  the  same  place.  - 

I  remain,  Sirj  yours,  8cc. 
'  Edward  DakielClabke. 
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On  Oil  and  Coal  Gds. 
(To  the  Editor  bf  the  Amah  of  Phihsopht/.). 
OUAtL  SIR,  5A{jteU,  My  13,  ISBL 

I  HOPE  you  ^Ht  indulge  trie  with  the  inaertioii  c^a  short  reptf 
to  Mr,  Ricardo's  paper  on  Oil  and  Coal  Gas,  which  appeare^in 
your  last  Ntimber,  f  would  not  have  trodbled  you  with  a  seeoBil 
papeton  this  subject,  had  I  not  thought  it  a  duty  imposed  b|iob! 
me  to  Correct  the  erroneous  statement  which  Mr.  R.  made  in  the 
postsdipt  to  his  last  paper  respecting  the  price  of  coal  gas  w 
Sheffield. 

If  I  had  allowed  his  remarks  to  hare  passed  unnoticed,  bean^ 
your  readers  would  be  justified  in  drawing  the  conclusion,  tbiUl 
my  first  paper  was  incorrect,  and  that  the  consuroere  of  gas  in 
SbeiBeld  were  imposed  upon  by  the  Gaa  Light  Company,  bf 
paying  a  much  higher  prlc'e  for  g^s  than  t^at  tJie  Compu^ 
professed  to  chaj^e  them. 

■  Mr.  R.'s  first  paper  has  teen  so  completdy  aitaweretl,  respeiSf 
ing  the  cOmpatUUve  iUutflinating  power  of  the  two  gaaes  in 
Question,  by  Mr.  Low6,  Of  Derby,  ill  thfi  Philoat)(*ici3  Magi- 
2ine  for  the  last  month,  that  any  farther  remarks  (>n  that  beiaA 
are  rendefed  unnecessary, 

Mr.  R.  still  persists  in  his  assertiota  that  the  London  OhartereA 
Coflipany  possess  advajitages  superior  to  any  other,  although 
fliey  only  divide  8  percent,  and  yet  other  Companies  hare  divided 
10  per  cent.  The  Sheffield  Gaa  Works  are  generdly  allowed  to 
he  as  well  built,  and  as  completely  and  conveniently  fitted  up,  'M 
tiiose  of  any  other  place  ;  therefore,  we  may  fairly  presume  tb«C 
the  capital  employed  in  the  buildings,  8ic.  will  be  nearly  uponM 
par  with  that  of  the  Chartered  Company,  in  proportion  to  the 
size  of  the  works  and  the  quantity  of  gas  required.  To  what 
then  must'the  advantages  be  attributed  in  those  places  (for  every 
one,  except  Mr.  R,  I  think,  will  allow  that  liiey  have  real  advtn- 
tages)  where  the  Companies  make  greater  profits,  and  seU  theit 
gas  cheaper  than  at  the  Chartered  Company's  Works !  It  nooeb 
be  either  owing  to  superior  management,  and  the  economy  used 
ia  that  management,  or  to  the  cheapness  of  the  desfaructtble 
Articles  (retorts,  coal,  Su;.)  nsed  in  the  manu&cturing  of  gas. 
As  Mr.  R.  is  not  willing  to  allow  that  the  cheapness  of  coa!> 
labour,  Sic.  is  of  much  benefit  to  a  gas  light  manufactory, 
though  I  entirely  differ  with  him  on  that  point,  it  must  be  in  tiiei 
economical  management  that  some  provincial  towns  have  the 
advantage  over  the  Chartered  Company,    Perhaps  Mr.  R,  will 
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'  not  te  «31iiiff  to  itltaw  this  point.  However,  eaalMa-k'ie,  that 
Beveral  Gas  Light  CompRniee  have  adoamta^  wliicli  tke  Char- 
tered Company  has  not,  ortheycouldnotHuiiegmB^ei'^lm&Rtfo, 
and  sell  their  gas  for  a  laspriet.  "  I  admit  Aatit  uoivgrvaf 
advantage  to  a  Gas  Ligjit  Conpaay  to  have  the  greateatiHtBber 
of  lights  in  the  smallest  <iompas& ;  but  I  have  been  informed  by 
an  able  and  experienced  engineer,  that  the  expense  of  the  main 
pipes  in  London  is  as.great  upon  the  average,  for  the  same  num- 
ber of  lights  upon  them,  as  in  most  of  theiarge  country  towns. 
la  c^ccilating  the  price  of  gas  from  the  rate  cards  of  the  differ- 
ei^t  towns,  Mr.  R.  assupies  thf^t  aU  burners  denominated  Ifo.  3, 
Aigand,  are  of  the  same  size,  and  consume  the  same  quantity 
^gri^,  From  thi^  supposition  arises,  in  a  great  measure,  the 
erroneous  stateqient  in  his  last  paper  respecting  me  price  of 
ga^  in  Sheffield'.  The  No.  1,  Argand,  used  in  Sheffield,  con- 
sumes three  cubic  feet  per  hour,  by  Mr.  Cleg's,  meter ;  the 
'So.  2  consumes  4^  cubic  feet  per  hour ;  and  the  Noi  3  consumes 
six  cubic  feet  per  hour.  1  hare  seen  a  No.  3,  Argand,.  from 
Birmingham,  tned  b^  the  same  meter  a^inst  a  No,  2,  Argand, 
such  as  are  used  in  Sheffield,  and  the  dimrence  in  thetjiaQtity 
of  gas  consumed  by  Uie  two  burners  was  oidy  half  a  cubij;  foot 
per  hour.  I  likewise,  by  the  same  meter,  have  seen  a  No.  3, 
Argand,  with  2^  jets,  consutlie  seven  feet  per  hoar.  Veryfew 
No.  3,  Argand  burners,  are  used  in  Sheffield,  owing  Jto.  the 
No.  2  being  considered  nearly  ec[ual  to  tbe  No.  3,  in.  other 
places.  The  average  time  of  hghting  through  the  year  cannot 
be  cdculated  at  a  later  hour  man  six  o'clock,  as  that  is  tho 
average  time  of  the  setting  of  the  sun ;  and  we  may  fivcpunitly 
see  the  shops  lighted  up  in  winter  an  hour  before  the  time  of 
sunset.  Mr.  R.  only  calculates  3^  hours'  burning,  till  10.  o'dock, 
which  is  certmnly  half  an  hour  at  least  too  little.'  The  Sheffield 
card  is  calculated  fivm  six.  o'clock  upon  the  average  ;  end  as 
the  No.  3,  Argand,  consumes  six  feet  per  hour ;  in  313  evemngs 
till  eight  o'clock  it  will  consume  3766  cubic  feet  of  gasi  wbicn 
at  12j.  per  IQOO feet  amounts  to  21.  bs.  0^. :  the  cJiaige  in  the 
rate  card  is  21.  oi.  per  annum,  and  yet  Mr.  R.  by  hia  u^eoious 
mode  of  calculation,  says,  that  the  cost  price  of  gas  in. Sheffield 
is  17j.  per  1000  feet.  The  charge  for  the  same  turner  till  nine 
o'cIo<^  is  3/.  Qs.  and  till  10  o'clock,  42.  15t.;  the  last  two 
charges  are  rather  more  than  at  the  rate  of  125.  per  1000  .feet; 
but  if  the  rented  amount  to  20/.  a  discount  of  20  per  cent,  is 
allowed,  which -reduces  the  gas  to  lesa  than  lOi.  per  1000  feet. 
In,  manufactories  where  the  meter  is  used,  the  regular  chaise  is 
12i.  per  1000  feet,  with  a  discount  of  from  6  to  20  p«r  cent,  in 
proportion  to  the  rentid,  but  all  reidals  of  or  above  201.  are 
allowed  20  per  cent.  I  am  informed  that  the  annual  reatals  for 
gas  in  several  of  the  silver-plated  manufootories  are  50/.  and 
upward?.    Oaa  is  found  to  be  so  much  superior  to  oil  for  solder- 
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'-  i^  atkCMkited  goeds,  that  k  is  generalljr  need  Tor  that  purpoae 
^ia  tfiMievaveinaiuiiMJtones  where  it  is  introduced. 
~''     i^ni^  this  «E^imtion  will  coavince  your  readers  Uiat  m^ 
'flnt*lataiii*Dt«»s  not  BO  incorrect  as  Mr.  R,.  wished  to  make  it 

sjipfiu.'  I  nmain,  youFB  revpectfuUy, 

'       ■  A  StIBSCBIBER. 


Kesearchei  on  the  Composition  of  the  Pmsstatei,  or  ferrugliutus 
Hydroc^anates.     By   J.   BerzeliuB. 

(CVwHnnnJ/romji.  308.) 

'  Ik  ofder  to  examine  whether,  in  these  experimeats,    the 

-  iniiiiiiiiiiiig  bases  be  in  the  state  of  comnton  carbouate,  I  heated  a 
nwtarfrot'cariwnate  of  potash  with  six  times  its  weight  of  oxide 

'   of  copper  in  a  proper  apparatus  for  receivinc  the  ^as  that  might 

-  be'dieeogBged.     As  soon  as  the  mixture  had  acquired  a  red  heat, 
■  cartKMiic  arad  gas  began  to  be  ^ven  off,  and  continaed  for  more 

'  thai  half  an  hour.  Tlius  the  oxide  of  copper  has  the  property  of 
AKpelling  the  carbonic  acid  at  a  high  temperature,  and  of  torming 
ttkoidofddoble  salt,  in  which  itis  to  be  presumed  that  one-fourth 
:  of  the  potash  is  combined  with  the  oxide  of  copper,  and  three- 
'  'foortiM  with  the  carbonic  acid.  This  salt  is  decomposed  in  the 
homid  way,  the  water  seizes  a  mixture  of  caustic  potash,  and 

-  earbonateofpotash,  and  the  oxide  of  copper  remains  undissolved. 
Tliis  lart  phenomenon  oho  ensues  when  oxide  of  copper  is  dis- 
aslred  ialiydrate  of  potash  by  igneous  fusion.  The  compound, 
vrfuch  in  the  liquid  state  is  transparent,  and  of  a  yellow  colour, 
iA  deeompflsed  by  water,  which  takes  the  potash,  without,  at  the 
sune  time,  dissolring  the  oxide  of  copper,  with  which  it  was 

It  -was  necessary,  therefore,  in  order  to  obtain  a  more  decisive 
Tcsult,  to  analyze  a  tierrugtnous  prussiate  whose  base  is  incapable 
^f  retaining  the  carbonic  acid,  and  I  chose  for  this  purpose  that 
-of  lead. 

Ii3*3&  grains  of  pnistiate  of  lead  were  mixed  with  308-8  grains 
of  oxide' ef  copper  obtained  by  calcining  copper  in  a  cupel- 
Hng' fumaw.  The  gas  was  collected  over  mercury  in  a 
graduated  receiver,  in  which  it  could  be  accurately  measured. 
To  detemine  with  the  greatest  possible  accuracy  tlie  relative 
voluibe  of  carbonic  acid  gas  to  that  of  the  azote,  a  portion  of  ttte 

faa  collected  towards  the  end  of  the  operation,  and  consequently^ 
ee  fi^im  atmospheric  air,  was  examined  separately;  13t>  mea- 
New  Series,  vol.  i.  2  e 
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.sures  pkosd  m  ctulaot.with  cwatic  peta^  wdftnHlaMdto46^4 
measures;  but 45-4  x  3  =  136-2;  which  gives,  «s  e«M)ll^ .ms 
OBii  be  expected  in  experiioeiits  of  this  oaturer  tvo  vohunds  of 

•.caibonic  acid  gesforoaex>faaote.  Thug  tbia  aapwiiaaat ptwilM 
that  the  carbon  aod  the  asete,  in  these  salt%,  are  ia  tkedute 
propOEtions  as  ia  cyanogen.  I^o  water  was  formed,  exc^rt  a 
slight  and  unimportant  trace  of  moisture.*  The  whole  quantity 
of  gas  obtained  consisted  of  102  volumes  ofcarbonicacidanddl 
of  azote  ;  the  form^  weighed  3-1  grains,  and  the  azote  0-99gr. 
■which  give  for  100  parts  of  salt,  1105  of  carbon^  and  12-84  of 
azote ;  or  together,  23-89  of  cyanogen.  This  quantity,  added 
to  the  other  element  of  the  salt  employed,  exceeds  its  weight  by 
6*19,  if  the  bases  exist  ia  it  iu  the  state  of  oxide;  but  if  the 
prussiate  be  composed  of  one  atom  of  cyanoret  of  iron  with  two 
atoms  of  cyanuret  of  lead,  the  sum  of  me  cyanogen,  iron,  and 
lead,  obtained,  gives  almost  exactly  its  weight. 

It  appeared  to  me  very  easy  to  verify  this  idea  by  acting  on 
ihe  ferruginous  prussiate  of  leeul  by  sulphuretted  hyODOgen  gas : 
18-84  grains  of  the  anhydrous  salt  weie  iotrodiwed  into  a  nutU 
weighra  glass  ball,  blown  by  the  lamp.  I  caused  a  c««ciit  of 
sulphuretted  hydrogen  gas  to  pass  through  the  ball,  which,  on 
'Quitting  it,  traversed  a  tube  filled  with  muriate  of  liine.  WMe 
cold,  the  prussiate  of  lead  was  not  altered  by  the  gas,  but  (m 
heating  the  ball  by  a  spirit-lamp,  it  was  immediately  blatddened, 
and  hydrocyauic  acid  evaporatcKl  with  the  sulphuretied  hydrogui 
that  passed  off  in  excess.  N^o  trace  of  moisture  w^  perceivsd 
4uring  the  operation,  not  even  when  the  mEtss  in  the  ball  was 
red-hot  in  the  sulphuretted  hydrogen  gas.  The  remaining  aass 
weighed  17*06  grs.  and  was  composed  of  sulphttretof  iron,  at  tke 
minmuim,  and  sidphuret  of  lead.  Tbe  tube  containing  the 
muriate  of  lime  had  only  gained  0-0077  of  a  grain  in  weight,  a 
}«rt  of  which  was  sulphur.  Thus  this  experimient  proves  tiiat  in 
the  anhydrous  ferruginous  prussiate  of  le^  the  metals  are  not  in 
the  etate  of  oxide ;  for  even  if  we  suppose  ia  this  experiment  that 
DO  water  is  obtained,  in  consequence  of  the  sulphur  seizing  the 
oxygen  of  the  metallic  oxides,  the  sulphuric  acid,  so  produced, 
ought  to  have  combined  with  a  part  of  the  oxides,  and  have  occa- 
sioned a  much  more  considerable  increase  of  weight  tiian  was 
obtained  in  the  experiment ;  ou  the  other  hand,  if  the  salt  be 
really  composed  of^  one  atom  of  cyanuret  of  iron  with  two  atoms 
of  cyanuret  of  lead,  its  decomposition  by  sulphuretted  hydrogen 

'  should  give  for  18*84  gnauiB  of  metallic  cjiamirat,  17  grains  of 
sutphuret ;  which  agrees,  as  nearly  as  possiUe,  with  we  molt 
of  the  experiment.    The  composition  then  will  be 


a  ne  <nl|^iuil  bu  b««i  *b«itSBed.— AdU. 
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Ii«tt 8-81   8-68     678'43 
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98-61    ^         100-00  7823-95 

-    ^tia  Ae 'result  of  analysis  approaches  that  I^  oalouBatidq  ^s 
■  atear  as  ean  be  expected  in  an  operation  of  30  coiiiplicatcjd  a 
natttre. 
it  we  apply*  this  to  the  salt  with  base  of  pokub,  we-get.the 

^ollowitig  resmt :  the  relation  of  t^  volume  of  the  carbonic  acid 
eas,  foand  by  experiment,  Tpas  to  -that  of  the  azote  is3  :2,  and 
un  weight  (h  the  carbonic  aotd  gEts  obtained  .£-oin  7-72  ^s.' of 

!«alt  was  4-13  grs. :  if  we  add  one-third  tfce  qnaatitV  *iecesg*ry 
to  make  tlie  voiume  of  carbonic  acid  twice  that  of  the  azote,  the 

-weight  of  the  carbonic  acid  will  be  ra&ermore  than  6'5  grains, 
^r  11  for  100  grainB  of  the  salt;  but  if  the  ^miginoas  prussiate 
of  potash  be  composed  of  one  atoni  of  cyanuret  of  iron  and  two 
atoms  lof  oyanuret  of  potassium,  100^gre.  -wiil'give  H'lO-grs.  of 
cari]0Dic  acid  gas,  a  difference  within  the  limits  ofjinifccnrate 
«bserrati<Mi. 

'nie  composition  of  lliis  pmsraate,  in  the  staie  of  «iyB.tab,  x:al- 
cidated  after  the  fiirmula,  %¥e  Cy*  +  2  KCy*  +  6Aq,  gires 
per  cent. 

Iron 12'85  4s  protoxide  of  iron,  16*54 

Potassium 37-11  =  potash 44'68 

Cyaaogeo 37-22 

Water 12-82 

'  I  tliink  it  useless  to  give  ihe  vcault  of  the-  cakulMiwi  of  the 
two  other  salts  analyiea.  They  accord  with  the  fi^mving  for- 
Wwll»:  FeCya+  2  Ba€y«  +  12  Aq;-aiid'Fe  C^*  -f  2  Ca  Cy» 
+  24  Aq.  Bnt  we  mast  remember  that,  although  inn  state  of 
'efflorescence,  these  two  salts  retain  an  atom  of  winter,  for  some 
reason  not  very  easily  explained. 

These  experiments  prore  ^at  the  salts  called  prusuates,  or 
ferruginous  nydrocyanates,  are  in  fact  cyanurets,  composed  of 
one  atom  of  cyanuret  of  iron  and  two  atoms  of  oyanuHit  of  ^e 
ol^er  metal. 

What  is  the  natme  of  these  compounds  when  they  contain 
water?  It  is  more  difficult  to  answer  this  question  than  at  &st 
it  seems  to  be.  In  the  ferruginous  prassiates  of  potaafa  and 
lead,  there  is  exactly  the  quantity  of  water  necessary  to  tians- 
ftirm  them  into  hydrocyaAatea,  whence  they  may  be  ooBsidered 

•  AccwdiDg  lo  the  fonnuls,  Fe  Cy*  +  S  Pb  <V. 
§  I  use  the  ago  Cj  far  cfntopn  nMead  of  N  O*,  fo  gnU  em^tt  mabtHh 
■2^2  Coogic 


aadoiiUeliyah^ocyanates.'-  Bat  ttre  -eBMrtfefldHitril^ioOMiv 

btn^d'  ID  thia  manner,  or  may  thej  te Wgdt^d  til^WtywmaffW 

Willi  water  of  crystallizatiOrt?     '  "       ■■  "■!;", i  j,...  ;.;;,>  .l^iaii,' 

'  In  coitipbUtid  substanetJs/'i^hDsA  e!t Aerifa'  twiy'bc^  <toe>wiTiw* 

to  be  united  in'BerentI  VSys;i9  ititiffifKi^itAfBil^ttC'iAtitiiySrW 

union  to  take'  place?' Are  ihe  ftodatAs--oP'^Mt 

m  detern(?ned  smely  by  the  decoittpoSing  pankt'i 

of  circumstaaces  concut^  in 'favour  ofltHaidea^  B(tt 

rect,  a  compound  body,  v^6se  d^tiiMes  iit^«Hptible 

at  high  temperatures,  in  anCh  &■  IfaatHier  as  ttf'^bird 

other  compounds,  endued  with  a  certain  tension,  i&t  tbie  eodlnMM 

atmosphenc  temperature  and  presaurex,   I  say  this  substance 

must  continually  decompose  in  the  air,  till  the  tension  of  its 

eleiidents  is  balanced ;  and  in'  a  vacuum  H-  cannot  enst  ftf  ell. 


It  appears  to  us  that  nitnte  of  arnmonia  would  itecompoiBfin 
this  vay  in  a  vacnuin,if  it  nere  a  matter  of  indit^^^acewhetbca- 
we  consider  it  as  composed  of  an  atom  of^mmraiiA,'  ad'aBMO-of 
nitric  acid,  and  an  atom  of  water,  or  of  Sn  Alow  of  «l:otoxida  of 
azote  and  two  atoms  of  wttter,  siiAce,  in  ft  vaeuHtn,  thsr^<i».«io 
obatacle'to  prevetit  theae  bodies  obeying  the  inflaenc*  of  their 
tengion,'  as  well  as  the  preponderating  affinities,  any  more  Aaa 
at  a  high  temperature,  w-hen  those  two  substances  are  lU!taa% 
formed.  '  It  is  probable,  therefore,  that  the  elements  of  ititrate 
of  ammonia  are  combined  rather  as  nitric  acid,  amtoofiitli  and 
water,  than' as  protoxide  of  azote  and  water.  Ib  like  manner, 
when  a  salt  effloresces  at  tbe  common  temperatilre  of  the  atmo- 
sphere, we  consider  the  water  as  existing  as  soch  in  tbe  salt, 
bnt  retained  by  so  went  an  affinity,  that  it  is  OvercoBie  by  its 
tension, '■   ■ 

Fulminating  gold  and  silver  explode  by  very  slight  elevatioD 
of*  temperature,  artd  water  results  ;  but  these  substances  are 
permanent  in  a  vacuum.  The  hydrogen  and  oxygen  which  they 
retain  with  so  weiik  an  a'ffiuity  were  not,  therefore,  in  tbe  state 
of  water,  but  combined  in  another  manner,  and  it  is  only  in  tJie 
act  of  explosion  that  water  is  formed.  But  if  in  tbese  substances, 
whose  composition  depends  on  so  weak  an  affinity,  water  be  not 
produced,  when  the  effect  of  its  tension  is  facilitated  by  a 
vacuum,  we  may  presume  that  all  bodies  which  exhale  aqueous 
vapours  in  a  vacuum  must  contain  water  ready  formed,  and  that 
they  retain  it  by  a  very  weak  affinity. 

1  put  crystals  of  ferruginous  priissiate  of  potash  into  avacuum 
with  sulphuric  acid ;  at  the  temperature  of  35'4''  Fahr.  they  lost 
alt  their  water  of  combination  :  a  small  piece  of  a  crystal  mtro- 
duced  into  the  vacuum  of  a  barometer  made  it  fall  0005  in,  at 
the  temperature  of  59°  Fahr.  I  do  not  give  this,  however,  as  a. 
vety  accurate  result,  from  the  extreme  difficulty  of  making  a 
■fiobd  body  rise  through  the  mercurj',  perfectly  free  froni  air 
adhering  mechanically  to  its  surface.  The  experiment  proves, 
however,  that  the  water  of  crystallization  in  this  salt  is  endued 
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vBt^a-oMaintciwioii,  .which  varift  wi 
aypwr8>  th^refisMj  tbat  tUe  salliii  queati 
formed,  and  not  hydrocyanic  aCid,  and  < 
Vnb  fveiQt  htely  that.t^e  base  an*]  Uie  acit 
W^-reofiffipdaed)  JapEt^rtion  as  the  tei; 
WUK^ing  to  tha  tjea^ratore  and  the  qu( 
ia  t^fiHTOunding  ntpnQsphere.  la  this 
^fa«  c^8^U«d  l'eriug|noue  prussiate 
eyftouFet  of  iron  and  potassium,  combiuf 
Ui^pn,-  aftar  the  manner  of  salts,  all  th 
Hdw^  it  p^tsesses  even  in  ita  efflorescent  state. 

III..  On  the  Hydroci/ai 
■■in-order  to-  leant  the  nature 
witb  qiore  certaintV)  I  also  i 
snueouiaiesl  one.     It  ap^eare( 
mighl- throw  light  upon  the  i 
cKoiiiplcy  this  aalt  were  reduc 
metallic  'SuWance  which  an 
flMtiidnia  irdMtMspoeed  by  th 
jsiUe  to-ebtaiB  this  saH  free  fr 
-Mtithout  oxygen,  it  is  evident 
^onble'eyanuret,  and  it  would 
^etaUio  radical  of  ammonia  i 
^od'  of  six  atoms  of  hydroge 
«apftriinentB  of  MM.  llienard 
tioBsi^ts  of  an  atom  of  nitric 
«cc(jrding  to  the  conjecture 
first  case,  this  salt  would  appi 
iros  aitd  hydrocyanate  of  amn 
<kQ  the  hydrocyanic  acid  woulc 
-:^|!drogen  required'  to  metalli 
cose,  on  the  contrary,  there  ' 
■tiiat  which  is  ^  constituent  pa 
«4iU  a  third  case  :  it  is  that 
bydt<oeyaaate  ofprotoxide  of  i 
,  and'  which  tvould  not  part  witi 
suyi'to  the  existence  of  the  h; 
•dme  tiise  totally  decompose 
actual  state  of  the  case. 
,    The  experimeatfi  necessary  to  determinf 
.  faftppena,  are  neither  difficult,  ^or  subjei 
.iBBulta.    The  hydrocyanate  must  contain  I 
:.aiui  one  atom  of  iron  :  since  the  oxygei 
^ak  tBuet  be  double  ttiat  which  iron- 
.  protoxide.     Consequently,  in  the  first  cast 
by  beat  ou^t  to  le^ve  27-53  per  cent,  of  i 
of  iron;  in  the  second,  31'18;  and  on 
.  geeatest  .dilGotdty  in  .this  experiment  was 
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awnowaoaL  salt  pme^  b«»t«e  U»e  'ftpmaJQii  .U«»  of:  flMamenHk.' 
aSvida  it  much  mixed  witb  "th"r  iiihitnnniii.  iniiifi  liiiring.iiiTnpfti  i 
niiaa  with  tbenir  it  coastantly  decompoMs.  1,.  tnereMD^: 
pi^>arsd' BOoie  cyauuret  of  inm  uid  lead,  wliicb.r.deconapcwdi 
by  caustic  ammonia.  The  aolutioa  was  eiraperated  in  ymmot. 
aad  ha  via  g.  powdered  the  salt,  I  aeain  dried  itiu  vacua  to  seprnto 
aUlih«  water  mechanically  loixeawithit. 

iaorder  to  detetnuse  whether  this  salt  ooataiQsaBy'W^Wflt 
heafieditin  a  staall  retort  made  vnih  thelani(»v.wid,nece)ved:tk*i 
products  of  tii«  idistillaJion  in  a  long  tube,  that  by-  the  diSateiM* 
of  their  volatility  they  might  he  deposited  at  di^fflat  fjhtanfloy 
from  the  heated  part.  'Ihe  first  effect  produced  by  the  heat  is 
that  of  rendeniia  the  salt  green  at  the  bottom  of  the  retort,  aod 
t^  smell  of  hy&ocyanat«  of  amuaonia  is  perceiysdat  the  o|wrii 
cad-of  the  tube.  The  greeaish  colour  waa  soou  succeeded  .by -a,,- 
^reyish>y allow,  coasldeEablv  resembling  that  of  the  .pulvanzed. 
salt,  before  it  is  heated.  The  yellowish  stiabum  increased  ioi 
thickaeBB,  aad  at  the  aame  time  a  very  minute  greetUBh  atntoiu- 
w^ich  sepacaied  it  &om  the  uQchanged  salt  gradually  rose.- 
towards  the  surface,  where  it  at  last  disappeaced,.  Isaviog  the 
salt  completely  converted  into  a  yellowishi-grey  mws.  Swtiag 
tl)js  dacompositioii,  water  continued  forming  and  depositii^:in> 
snwll  drops  in  those  parts  of  the  tube  which  were  aeax-  the?, 
retort.  A. great  quantity  of  hydrocyanate  of  ammonia  w^-.^t 
the  same  time  disengaged,  and  when  the  salt  had  driven  tJw. 
atmospheric  air  out  of  the  apparatus,  it  began  to  crystallize  at. 
some  distance  from  the  water,  so  that  the  interior  of  the  tube-, 
was  entirely  hned  with  its  crystals.  The  centre,  which  was  at. 
ficst  hmpid,  became  gradually  yellowish,  and  afterwards  brQWo^. 
iah  nearer  the  crystallized  ammoniacal  salt ;  this  arose  from  the 
spontaneous  decomposition  which  hydrocyanate  of  ammonia 
safiers.  This  salt  did  not  contain  any  water  chemically  combioad;. 
for  it  was  crystallized  in  the  form  of  little  rectangular  tables  and 
jHisms,  which  are  the  usual  forms  of  this  salt  when  it  is 
prepared  with  ammoniacal  gas  and  hydrocyanic  acid  free  from- 
water.  The  yellowish  mass  contained  in  the  reitort  was  cyaauiet 
of  iron,  the  lower  part  of  which  had  begun  to  decompose  b^oce 
the  upper  part  v/a&  entirely  deprived  otwater  and  hydj:ocywiat& 
of  ammonia.  By  continuing  the  heat,  the  cyannret  of  itoa 
became  of  a  deeper  colour ;  first,  brown  ;.and  at  last,  IhUclc,  and 
disengaged  asottc  gas. 

la  Older  to  satisfy  myself  that  the  decon^Kisitioii  was  awir 

a  a  charcoal  tire  to  mate  it  redr- 
the  coaly  mass  burned  vividly^ 

at  in  the  reteii.,    A  smidl  q/taor- 
of  iron  disengaged  a^tic  gw- 

art  of  the  mass  was. thrown  iiib>; 

he  retort  was  cold,  it  was  £(Huifl 

masa^  weighing  2&'S&.  fv.  cant.. 
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o£.rth«.:biW*  ■<;  MMil  m  wfil^wtj  ■  Ihia  j«1»«— cg^  wbanhwiwli* 
ittt.4fc*  nMeof^A  luipjjtaaki:fire;.  aoi  «DDtiD»ed''tabiirti<ltiHf.'. 
iiiBWlnii,  falit  Avii^o^nttiBr  anraka  or  smelly  audit  UtVlftswiduff'' 
o&axida)o£>niHi,'tb«  wei^tiof  which  was  pneiaety  equal  tb-tbBfe> 

ofijthB-BaB^jM&TeCUHQlMlEtiaB.  ' 

ilaLftBOthtEflSfieniiMar/  Lfavated  the  hydroc^anMe-bya'spiritv 
luupt  taking  cars  not  to  keat  Tt-ravngh  to  oocasioa  theilaAEigKu - 
tion  which  occurred  in  the  fonner  case  ;  but  the  heat  was  COB^ 
tinned  as  long  a»  the  dissogogeoieDt  of  gss  was  perceptible,  and 
the  products  of  the  distillation  were  passed  through  a  tube 
coMnoCBg  naniBte'  of  liou,  and  the  gases  irciccavBd-:' «Ter 
niSBBury^.  The  coahi  reaidoum  weighed  26*3,  and^se  byimn-^i 
bwMivBursniopen  vemel  exactly  26*3  of  red'oxida  'o£  iraii<  IQ( 
btuaedaK  bcfboe,  btU- without  the  deflagrotioQ  aboTemeotioii.cdL'' 
odcnvrti^sl-tbe'temperature  required  boinSame  it.  IThe mnri^e" 
of-kip»lgai««d.t)-7pctcent.ofthe.weighto£hydiocyaBate.  ^^teo  •. 
haKtkd,.it».^aver  out, at  first  much  nydroiyranate  of  ammonia,' 
afterwards  anuaoniacal^gas,  and  lastly  water  modi  inpregnststi  > 
witbamMDima.  In:th(scxpeiimeBt,thequBalityotiwater<M>uMnat 
b«dtlerauB«d,  but  it  proves  aevertbelessihattheaah  cannot '(»&•( 
tainmoiewatertik^ia  requisite  to  ■convert  the  oyanuret  of irooiidntt 
hydn^ranata:  £ir  otherwise  the  juuiiate.  of  lime.ooght  tohacve; 
gained<muoh  more.  The  gases  .producsdcoottuaed  no  tiiice  otC 
c  wbooic  acid.  1  introduced  sooie  lime-'water  which  ^absorbed  a.  c 
gl*at  qvmtity  withontbeconiing  turbid.  The  liquid  -coDtataedt 
muoh  nydrocyauate  of  ammonia,  and  the'  unabsoffbad  gas  wmh 
as>te.  llie  explanation,  of  these  pheuomsaa  i»  very  niople  :  the^ 
hydrocyaaiate.of  iron  and  ammonia  is  decomposed  by  heat,  eumJ' 
finre«  hydrocyanate  of  ammonia,  cyanuret-na  iron,  and  ^^ateri.'. 
The  gieea  c(dour  which  appears  during  the  dacompoeitioiL. 
a^eaiB.'to  be  owing  to  the  formation  of.  a  sm^  quastity  of' 
Prussian  blue,  which  always  begins  the  decomposition  of'  thia^' 
Bait,  even  when  in  solution.  Wheothe  heatis  inoreased,  the 
cyanuret.of  iron,  ia  decomposed,  amte  is  disengaged,  and  tl^ 
caiiioB  (emains  c'ombined  with  the  iron.  As  cyanuret  of  iron 
contains  .fmu  atooM  of  carbon  to .  one  of  iron,  tte  same  propoiv 
tieaa  ought  to  be  foimd  in  the  owburet  which  results  fromitai 
daoompoeition.  Then  in  compaiing  the  weight  of  four  atoms  of^ 
cariton  with  that  of  three  atoms  of  oxygen,  the-first  is  found  to 
be!30i*66,  and  the  last  300;  so  that  wh«i  tbe-qnadricarburet  o£ 
iroQ  is  converted  into  red  oxide  of  the  metal,  its  weight  should 
not  alter  mare  than  1-lOOOth,  iv^uch  is  too  small  to  be  ascertained 
ia>.eipsriment&  made  upon  so  minute  a  scale  as  mine.  As  to  the* 
deflagmtion,.!  shall  b^Eea&er  have  occasioa  to  mention  it.. 

I^ried  s«ver^  ttmea  to  expose  the  hydroeyanate  of  iroB  ancl 
aauDoniato teuHtcratures  very  gcadaally  raised  in  order  to  see 
wbMtaeB  it: wonla  not  be  possiUe  to  separate  Ute  water,  and. 
preserve  the  hydroeyanate ;  that  is  to  say,  .to  reduce  thia^t.tOi. 
tlfc .oomBpadlaaat. BapfwMwd  iu  tin  fint  o^;.  but  I  have  not 
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succeeded.  The  water  &od  the  hydrocyAOftte  are  aimn  di>«»- ; 
gi^^  tt^ether,  and  the  6alt  becbmeB  green.  Eveo  iwco  ailsc- 
Bflwig  higWy  dried,  it  gave  a  residuum  by  combustion  9f28-ApW-.- 
ceait.  of  oiride  of  iron,  it  still  yielded  water  by  dii^tiUatioft;,-Bo-.., 
that  in  drying  it,  I  only  commenced  its  decomposition)  wbu^hiS' 
fEtcilitatea  by  the  great  tension  of  hydcocyan^tfof  iuBmonia,'and 
by  the  tendency  of  the  bydropyanate  of  iron  to  frrm  pningipw 
blue. 

IV.   Fmuian  Blue.  * 

I  prepared  this  substance  by  dropping  a  solution  of  cytuuuet 
of  potasBiam  and  iron  into  one  of  muriate  of  iron,  to  wliiw  I  h»A  -, 
previously  added  excess  of  acid.  I  washed  the  prtcipitate  tJa*-  ■' 
roughly  and  dried  it.  Prussian  blue  retains  hygrometric  mxaVts^. 
BO  strongly,  that  sulphuric  acid  in  vacuo  does  not  detadi  it;  u>d'  ■ 
I  have  no  doubt  but  that  this  salt  when  dried  wotdd  posaes&lh*.  - 
property  of  causing  water  to  freeze  iu  vacuo  quite  as  w«U  ^x^^■•, 
sulphuric  acid  and  some  other  substances.  '   i.-:.-..v. 

I  ptit  some  priiBsian  blue  into  a  cyiiudrical  glass   wbich^l.) 
placed  in  a  Small  sand-bath.     I  placed  the  bulb  of  the  tbeiwA-:. 
meter  in  the  middle  oftbeprussian  blue,  and  heated  tbesandbaUi-. 
gradually  until  the  thermometer  rose  to  307°  Fahr.    The  prussiful  s 
blue  did  not  appear  at  all  changed,  and  gave  out  no  odour  ^thw--* 
ofhydrocyanic  acid,  or  hydrocyanate  of  ammonia.    I  afterwa£d«- ) 
placed  the  sand-batb  thus  heated  in  vacuo,  with  sulphuric.  ai]id» 
and  suffered  it  to  cool.     A  portion  of  prussiau  blue  llius  4nad 
-was  weighed  as  quickly  as  possible,  and  then  lighted  »t  ttk«  ,. 
edge.     It  continued  to  bum  by  itself  like  amadou,  giving. '(k>;,, 
vapour  which  condensed  upon  a  funnel  inverted  over  it:. it  waa  , 
carbonate  of  ammonia.     One  hundred  parts  of  prussian' blue  left  >.■ 
a  residuum  of  60*14  parts  of  red  oxide  of  iron,  containipg  no 
potash.  .      ,   .     i 

It  is  well  known  that  when  a  solution  of  protoxide  of.inm  is  -. 
precipitated  by  prussiate  of  iron  and  potash,  a  white  insolobje 
compound  is  formed  which  contains  potash,  and  wbioli  hj. 
absorbing  oxygeu  becomes  blue.  It  is  also  well  known  that  a, 
salt  with  base  of  protoxide,  which  absorbs  oxygen  witbout  Uiere 
being  at  the  same  time  an  increase  of  acid,  combines  with  an 
excess  of  base.  Prussian  blue,  therefore,  which  is  prepared  by 
oxidation  of  the  white  precipitate,  cannot  be  a  neutral  compound. 

I  added  a  solution  of  neutral  muriate  of  deutoxide  of  iron 
to  a  solution  of  cyanuret  of  iron  and  potassium,  and  1  left 
the  mixture  exposed  to  the  air  until  it  became  blue.  The  liquid 
which  still  contained  uodecompose  J  'yanuret,  remained  neutral ; 
this  circumstance  proves  that  no  p  A&»h  was  set  free,  and  conse- 
quently that  the  blue  compound  did  not  contain  a  quantity  of 
acid  proportional  to  the  capacity  of  the  base  which  had  oeea 
incredsed  by  oxidation. 

Prussian  blue  thus  prepared  has  properties  which  it  does  act 
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posBen  when  differently  prepared,  and  which  mny  becomfl  <^' 
E6me  uti^  in  the  arts.  It  is  soluble  in  pure  water,  but  notin< 
wttttr  w^ich  cc>ntain&  a  certain  quantity  of  any  neulxal  edk.  It 
ia^ont^is  account  that  it  does  not  dissolve  when  it  is  wa^ed^ 
aod  aiva  the  greater  part  ofthe  saline  matter  is  Beparptedifront  ' 
it:  'Acinar  blue  aolntion  then  passes  through  the  hllier;  Init'it  '■ 
again  pi^i^itates  prussian  blue,  if  it  fklls  into  the  liquid  which 
had  previously  passed  through. 

I  made  use  of  a  solution  of  sat  ammoniac  to  separate  it  from 
other  salts.  I  washed  it  with  a  sn 
bcigan  -to  he  cdloured ;  and  T  after 
ppcOTure  between' paper.  The  bh 
tbe'fldditidn  of  muriatic  acid,  but 
its  MJobility  in  pure  water.  The  1 
turbid  by  alcohol.  Iliis  solubility 
th«'  «ame.  Sometimes  the  whole 
bltw  by  oxidation  in  the  air  is  solul 
less  of  it  remains  insoluble.  Ebul 
Ha  fiokibiHty;  This  property  in  a  . 
ciretfniBtBiices  is  so  insolnbie,  app 
SB  the  «<ritibrlitY  of  the  oxides  of 
silica;  the  solnbility  of  which  is  e' 

from  UiBt  of  salts.  Ab  the  addition  ui  cai^cbs  vi  tti;iu  uubb  um  . 
d^pV^  prtrssian  blue  of  its  solubility  in  pure  water,  it  is  evident  . 
that  this  property  does  not  depend  upon  an  excess  of  base.  , 

In  order  to  compare  these  phenomena  with  those  which  occur  - 
in  insolBbie  salts  of  protoxide  of  iroo,  I  examined  the  changes 
produced  by  oxidation  in  some  of  the  latter.  A  great  number 
of  them  may  be  preserved  without  undergoing  alteration,  or  they 
become  yellow  by  the  formation  of  a  salt  with  peroxide  in  excess. 
But  there  are  two,  viz.  the  phosphate  and  tlie  arseniate  of  pro-  . 
toxidc  of  iron  (the  acids  of  which  combine  with  bases,  according 
to  a  different  law  from  other  acids),  which,  by  absorbing  oxygen 
fiom  the  atmosphere,  change  their  white  colour  into  a  daner 
one,  and  form  salts  with  excess  of  base  differing  as  much  from 
Bidts  of  the  protoxide  as  of  the  deutoxide.  The  phosphate 
becomes  blue;  it  is  even  found  in  nature  partly  blue  and  partly 
white ;  but  in  this  latter  case,  it  becomes  blue  m  the  air  in  a  few 
days.  The  arseniate,  on  the  contrary,  becomes  of  a  deep  green  . 
voloor.  The  two  varieties  of  the  arseniate  appear  also  to  be 
found  in  nature.  The  neutral  salt  has  been  lately  found  in 
Saxony :  it  is  called  scorodite:  it  is  a  salt  which  contains  water, 
uid  bc^  the  same  colour  as  protosujphate  of  iron  :  the  other  has 
been  long  known ;  it  is  the  cubic  ameniate  of  iron. 

There  is,  however,  an  essential  difference  between  these  salts 
and  Prussian  blue.  They  do  not  form  double  salts  with  other 
bases ;  and  when  they  are  decomposed  by  caustic  potash,  they 
do  not  yield  hydrate  of  deutoxide  of  iron»  like  prussian  blue.  Cm 
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ib^  ooatHBJ.  Urn  potoa^  icomtiaiiBS  wtlli  tiMk"to^iit  lean»>S{> 
8i^tfutce  «s  bls«k.  Ht'ObaDOoW,  wEinh  c«ateuaB  w>  <t(tifld)itisib'' 
«Mer,.  ubd  which,  BufEere  nooh  less  change  during'  weiriung  i^m*.* 
th«,{UH)M>i'Kie  :  it.k.tbia  cofoupdof  dawWMde'widiipKrttrtito" 
w^icb  1  have  nam^d-  oiadvm  ferrom-femenmr  atwlHli  n-ta  her- 
pwsuwed  tbatthe«Q[iipOBitioaoftiie»eBidtamti]Fb«U[pvene4by]< 

,         Fe  P^  +  2  Fe  P' et  par  Fe  aV  +  Fe  aV,      ,     , ',    ' 

It  a^eamd  ta  me  extremely  pcobabl*  tiiat  prussi^  bhifrmigte" 
b«  a  completely  aDaLogoua  AompDotid.  Us  iormatioii  by  «L«ias'' 
oS^Joubledeaorapoeititxi  oughjb  then  to  destroy  the<a«atralki^of" 
the  two  salts  formed,  and  free  acid  aa^t  to  be  libsratsd. 

■  I  pcepered  e  solwiionof  neatrai  munobe  of'dent«aide'of'imi%- 
e«d  after  having' deUnui&ed  by  a  correct  ahaiysis  die  reiatiita' ^ 
of  the.acad  to  the  oxide  of  iron,  in  ordertoeatiBiy  mys^  of  its' 
being,  neutral,  L  added  it  drop  by  drop  to  a  solution  eC'cyfuiuwt-'' 
0^'  iron  and  potassium,  which  did  not  change  the'  colonr  oB'. 
toumaol.  Wiumthe  greater  part  of  the  cvtuwret  waS'detOfa-. 
poaed,  I  suffered  the  preaipitflte  to  remain.  The  dear  liquid  wkb'^ 
i(Muul  to  be  aa  neutral  as  atiirst,  so  that  the  precipittatt  wm  ss' 
nautival  a  coBtpouad  as  the  substanoec  employe^to  prepare  ib' 
I  con^ited  to  add  Ute  muriate  of  deutoxide  of  iron  mBtA-it>  HSfli- 
iitiexcese.  The  liqwd  had  then  acquired  the  property -of  slightty/' 
reddening  ihetinctnre  of  turnsol,  ttsmu&tha^enfrora  theexcesK^ 
ofi muriate. employed.  The  pcussian  blue  produced' ia this  «^p4~ 
riment  can,  therefore,  only  be  a  double  hydrocyanate  in  which-' 
the  oxy^n  of  the  deuboxide  is  double  that  of  the  protoxide. 

.1  anerwacds  analyzed  some  {Russian  blue  thus  prepared,  by 
digesting  it  with  exoesfi  of  caustic  potash.  The  undissolved  ' 
oxide  of  iron  was  separated  and  washed,*  and  theall[aliDelrqii>d> 
(which  with  the  protoxide  of  the  decomposed  blae  had  formed': 
cyaouret  of  iiou  and  potassiura)wasdecumpoBed  faytheadditioa- 
ofjcorrosive  sublimate,  the  digestion  being  cootinaed  for  sorae;' 
h^ius.  The  oxide  of  iron  precipitated  by  this  process  was 
washed  and  ati'ongly  heated  to  separate  the  oxide  of  mercury- 
which  was  precipitated  with  it.  The  oxide  of  iron,  separatea 
fr«m  the  prussian  blue  by  potash,  was  to  that  separated  by  coiv-, 
rosive  Eiibhm^e  as  30  to  22. 

If  the  prussian  Uue  were  tmalogous  to  the  phosphate  andarse^  ■ 
ntBte  alluded  to,  the  two  weights  of  the  oxide  of  iroo  ought  ta'> 
have  bsBD  in  the  ptoportioti  of  2  to  I.  I,  therefore,  rapeated- 
thaexperiment  with  the  pruseianblue,  washed,  batnotdried.in' 
order  that  it  might  not  he  changed  by  the  drying,  aod  the  two' 
wftiehts tluis  obtained  wece  705  pfu48f^oxideof  uvn,sepatated 
by  Ute  potash,  and  62  parts  precipitated  fay  digeation  wkh  the 

*'I  utisfied  mjcetrbj  an  eipeiiment  prenouiil;  mode,  tliat  tlie  oiide  of  inn  thn, 
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coiTwwd'.  SBbl]W*»<«i>.     Tb#s6-  mcp— tioia.-  hriwg  wil^  M  1  - 
tch2j  Q(W:aAJ^  t>3  ^,'1  Uwu^  ifcra^uwite  to«Kuaiii6  whet^rtha 
cqustio  pcMsb  dwi  Qoti.ipL,  Mu&wajrdcaonpaBeeyAndgeii,    Ij. 
thwHof e«  analysed  |WH«iiRik  l>hie  by  ^geatog  it  ibr  a  toag  .time  >- 
with  biait)-i)owit«  of  .potefih.  ■  The  deeeiapositMa  ww  c«mpj«te, 
the  t^^wWwt^.l^  3i  part«  df  oiida  oi  irOBh     The  y«Uowitbi. 
scJutioA  WW  attp«s^uiated  with  nitric  acid,  evaporated  to  dry^ 
nese,  aad  the  d^ied  mase  was  eitpased  to  a  red  heat. 

This  mass  being  washed  with  water  left  23  parts  of  ojudit  of. 
ir«w.W(dtt»o)t:ied^  Aft  ,th«4e > DUtsbciai  agtee  togeljuir,  aBd.tite 
t^o{WMitiw>B<of  qxidfiof  iron  obtwaed  iaoaeh  Qxpenn^taKiia'.* 
the  iw»pw(k>B  o£  throe  cttonw  of  oxide-jof  iioD  a«d  four  ajtooae  -of' 
tbe  aajiie..oH«le;  that  is  ,to,  say,  =  2935*29  :  3913-72.  The: 
aoalyifis  th4»'M»v«K  dewdedly,  thai;  in  proswan  bjue  praparod  in 
tUt»  la^jwer,  uie  oxide  of  iron  oootains  twwe  aa  nuuih  osygea  a* 
iht;  piptojud^,  and  coasaqsenUy  its  conpoaittoa  i&  praprnttoiut^ 
to  that, of  other  cyanurets  or  ferrugiaouE  hydrocyanatesj.thiB'is 
alsp  denc^utf^ci  by  lhe.8abBtabccefroin.whi(^  pn^giaublueis 
{WcipiWad,,rewaipmg  wattal.  But  what,  is  then  the  blue  ibub 
wh^  is  prodp«sd  by  the  oxidation  of  the  white  hydrocyamte:, 
ofiroa?  TluBCOii^)OuBdcaBnotbeneatral,foritdoeaQotraeetwilb 
wty  aaid  to  satmate  it,  nor  oan  it  oontain  oxid«  of  iro*  nechani- 
caUy.DUsed ;  &nt,  because  I  have  often  soea  it  totally -dieadtw 
iil.watflr;  aocL  aeeondly,  because  the  h3HlEate  of  oxide  of.  iixia 
mv9i  aJJec  the  &ae  blue  cobw  to  giremi,  aAhapfiens  if  thosolo- 
tio^  in  vbioh  it  is  tbtcaied  eoiUaiaB  an  excess  of  ijie  fenuginous 

SJllt.      . 

The  ex^eciowats  wbiah  I  hftve  made  to  ant^ze  pnuaiaa  bhie 
by  Bieaau  of.  combustioa  have  not  given  me  aa  decisive  residts 
as  1  expected.  A  quantity  of  piuasian  .blue  dmad  at  a  hi^ 
temperature  gave  58  per  cent,  of  oxide  of  inm  by  ceoabustkia. 
AoQther  potti^n  of  the  aaiae  pniasiaa  bloCf  weired  an  instant 
afyei  the  foimer,  was  bunied  with  oRide  of  copper,  taking  th«  . 
swu-pteoautiooB  aa  already  mentioned,  The  water,  cariionkt 
Sfiid,  and  aaotic  gasea,  obtamed,  indicated  4&-6  parts  of  carbat, 
apd63'l  of  azote  =  98*7  parts  o£  cyanogen.  The  pmaaian  bbw. 
employed  ooataiaed  such  a  portion  of  metallic  iron  as  would' 
Cjunbine  almost  precisely  with  this.quan^ty  of  cyasiogeii  tm 
beooBie  cyanuKt ;  and  by  adding  together  the  weight  of  tha 
iiont.cf«aogea,  and  oftke  water  m)tained,  the  weight  amounted 
ahnost  preGisely  to  that  of  tlve  pruasiao  bhu  employed,  nsitboatc: 
laaving  any  thing  for  the  weight  of  the  oxygen  of  the  oxide  of 
.  icon,  whicn  ought  to  exceed  the  hydrogen  of  iJb^  hydoacyaBHc 
a^id,  if  the  compound  had  contained  esceea  of  base. 

1  repeated .  tola  ei^eriwent  with  pnueiui  blue  pneipitatedi 
fansa  a  neutrulaolutionof  munabe  ofdeMoxide.ofiroi^anadaedi- 
ift  vaeue,  wittnoat  Heat.  It  leGt  a&er  combualioo  S4'6S{ie[  ceaC 
of  red  oxide  of  iron ;  when  burned  with  oxide  of  cof^ktt.  ik; 
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yielded  carbonic  aftM  add'  azMd-HMt^iiodJOttedllliiKuA  fmmAj 
the  Bame'iqAantily  6f  dynnogen  a«in  t^<fonim«xpenaiBnh.;i^  > 
adding  together  the  w«ght'Of'4A^^t*«t«r,-iro&j  snacyttmeot^iit-. 
almost  |rrecifiety  eqnatted'  ttKCt-  <^  the  -brtU8iaa;'bhie"MiM^riir 
No  one  of  (hbse"  ex^^Ments  indibaUa-  nldh*  ret^liyaofiAirm' 
iron  to  the  c^anogeh  m  otteht  to-iMrW«  iMon  etumadAceordtDg-: 
tothe  ezperimeDts  made  in  tne  humid  way,'Bnd^lroJuiydeacnfaed(! 
they  leave,  therefore,  '■  some  UAOertfiinty  aB  to^lAie  tni«  oatare  bf 
tJfesilbrtaniee.   -  .-..,■.  ,...  .^.^ 

;  {'tre&ted'some'prusaian  Mne  recentljr-preparad^'ndtktKifia^' 
acid  to  sepat&te  the  exceas  of  base,  ana  after  bavfngw«ftwtiBhMt~i 
it,  1  mjxtfd  it  with  pure  water,  and  passed  a  oanent-or,ial[dnnvi 
etted  hydrogen  gas  through  it,  ti»ti)  the  vnMr  was  satomtcd' 
with  the  gas.  I  then  corked  the  botUe,  and  leftdieaetwo  aiki 
stances  to  retfct  upon  each  other  for  eeveratdays.  -  Tfaa'prnariaayv 
blue  became  of  a  fighter  Uue  colour,  and  evantudlif  bccmae/af' 
adirty  white'.  --    hns 

Hie  fluid  became  whitish  with  the  sulphur  pteci|Ht«te4;/IiaAei>4 
wards  separated  the  white  rams,  aad [  evaporatAdthe  euadsigfi 
flulpbnretteJ  hydregeti  gfts  by  exposure  to  the-^.  'TtM.flndl 
now  reddened  tonrnsol,  and  preoiiHtatJed  of  a'blue  coIonr'tUMd 
salts  of  iron  which  contained  deatoxide.  'l^  sulplniiBtte^ 
hydrogen- gas  on  reducing  the  deutoxide  of  iron  ofdw  pMsaiao 
bine  to  the  state  of  protoxide,  and  then  separated  fnlm  ik>-Aftt 
portion  of  hydrocyanic  acid  by  which  the  deutoxideihbd  be«D 
oeutralized  iii  (he  sam^e  Way  as  occurs  with  cTeiy  otherneiltral 
salt,  who^e  base  is  a  deutoxtde,  when  the  sulphuretted  h^roges 
reduces  it  to  the  state  of  protoxide.  It  must  abo  be  obedrved 
that  t^e  acid  liquid  in  question  contains  no  pure' hydnn^anic 
acid ;  it  still  contaioed  iron  :  it  was  the  ferruginous  pnnucaoidv 
which  I  shalt  hereafter  consider.  :        i  ■ 

The  mass  which  was  rendered  white  by  the  actitm  of  '^^ 
sulphuretted  hydrogen  regained  its  btae  cotonr'  by  exposure  t» 
the  air,  and  became  at  the  same  time  partiy  scAable  in>pnie 
water.  The  iriue  solution  again  treated  with  sulphutetted  hydao- 
gen  deposited  a  bl&ck  subata&ce,  did  not  again  becomb  ecid, 
nor  (Hd  it  again  acquire  the  property  of  preelfntatiag  the  aolo- 
tioDs  of  deatoxide  of  iron  of  a  blue  colour.  In  Uie  same  ntaftaec, 
the  insoluble  portion  of  the  regenerated  blue  became  blaob.by' 
solplniretted  hydrogen.  Ttiese  experiotents  prove  then  thatthne 
are  actually  two  bhie'compounds,  one  of  which  is  neutral,' and 
composed  ofthr^e  atoms  of  hydrocyanate  of  protoxide  aOd^foor 
atoms  of  deutoxide  of  iron;  that  is  to  Say,  the -last  eontains 
twice  as  much  oxygen  and  acid  as  the  hrst.  The  other  appears 
to  becompoaed  of  an  atom  of  hydrooyantie  of  protoxide  and 
of  two  atoms  of  siibhydrocyanate  of  deutoxide  of  iron)  aitfdogons 
to  the  blue  phosphate  of  iron  and  the  green  araeniate  of  the  same 
netaLi 
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£i«aantUe>teitl»i!tlwory.  , 

■It  aafnmai.to  SfMow  uom  the  ^^[^erim^ta  abpye'iii^ilUoii^, 
thftt  the  cviinurets  of  very  electro^positive  bases ;  th^  U,  of  t^e  , 
QMtals'«liiaI:i'fQto^aliiAlie«,.d9  a^tfdeeoiQDO^  waW^aad  dp  npt 
fvtai.  .hyinMyfUMttSi  The  w«i4'er  ba^(S«  .sucli  a^L.  ^.uciua,*. 
aauilqtna,  thegtcater  tomW  of  metallic  oxfcles,oq  t^e  u^ntfary, 
UBBOmelwdracyAMles,  .which,  when  e;(posed.to  a  high  tefOjper- 
atwe.i'eithe)'  do  'Dot.  I>ecoai«  cyaaurets,  or  do  not.  form  theia 
wkhent  ^having  a  part  of  their  cyaijogi^a  decoiofkosed  by  the 
osy^eK^of  dae  bftMa,  aiul  yielding. at  the  same  time  caroo^iic 
acid,  ammonia,  and  metallic  carburets.  With  the  exceptiQn,jof 
bydroayEduteaf  iron  and  amiuoiua, .  it  appevs  tlrnt  when-Oioe  of 
me-baxes  oaeura.  in  the  Btat«. of  hydi^^ywiate,  the  other  is.^o. 
UksKnse;  sothat  there  is  ao  fwmpouiuL  of. a  cyanuret  and  a 
bydnoo^aaate.  When  tlir.  cyanureU  cpmbine  with  an  additional 
CfaUrtity  .pf  base^  it  appears  tiiRt  the  cyauuret  becpmes  an  hydros 
ayttoalXi  Etnd  that  the  whole  be«oin<ss  a  ^ubhydippyanate  ;  such 
f»^(Aiably  the  st^e  of  combination  of  cyi^nweKxf  mercury  with 
oxule  ofi  meroury. 

'Before  1  ocmclude  these  observaitionB,  I  sliaU  say  a  few  wordd 
up9D.tbe:aoid  oaJkd  fercugiiiQus  bvdFOi^yqtiic  acid,  and  which 
has  been  oortsidered  as  a  peculiar  acid,  of  which  the  iron  is  an 
dement.  Tlus  conpound  is  produced  when  a  stronger  acid 
combineB  with  the  second  base  of  a  ferri;iginous  hydrocyanate  ; 
then  the  whole  quantity  of  hydrocyaaic  acid  comtunes  with  the 
inotoxida  of  iron,  and  these  results  are  bydrocyanate  with  e^cesft 
of  awd,  in  which  the  protoxide  is  comhined  with  three  times  as 
much  acid  as  in  the  neutml  salt.  All  that  I  have  already  stated 
upon  the  nature  of  the  cyanurets  and  ferruginous  hpdrocyauates 
is  evidence  in  favour  of  this  manner  of  regarding  tuis  acid  sub- 
stance. Porrett  has  described  two  methods  of  obtainiog  this 
acid,  one  of  which  is  to  decompose  the  cyanuret  of  iron  and 
barium  by  sulphuric  acid ;  and  the  other  to  decompose  the 
cyanuret  of  iron  and  potassium  by  means  of  a  solution  of  tartaric 
a<^d  in  alcohol.  The  fluid  being  left  to  spontaneous  evaporation, 
crystals  are  obtained.  Neither  of  these  methods  gives  the 
superhydrocyanate  of  iron  in  a  pure  state. 

*  Olucina  gives  b  lolnble  hydrocyuiMe,  which,  reduced  b;  evtpiTstiaa,  beconin  a 
bBtupaioit  nuniah,  which  ie  dftea  bhiiah.  It  is  (Auined  by  dia  double  decompoaitioii 
ofttJjiute  of  gludna  and  cfonuret  of  lead  and  iron.    There  ig  abo  ■  feiruginDus  hjdro- 
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■  of  iron  and  lead  wtrifth  had  been  tt^  waslied'  bnt  tWt-'M«4,>Wad 
I  decomposed  it  oficler  wft««r  ^  »  cMmttc^sMphnfeWed'b^'dko- 
gtn  gaB,  votjl  tiie  Bntpfauretted  hi^toEOeft  M(k  -id' ejitcese. '  I 

-  nnmetHiitely  fihered  it,  and  eraporated  it'hvvWUd-iB<ttl6'«nfcl 
.maimer.    But  w  <MAfilnrelted  bydrogni  spdUs'tUCTittl'-pafaip,  I 

afterwardB  took  the  precaution  to  deooiOdtjistf  the  Sn^Otti^tted 

-  hjdrogen  i^  the  aetditioii'  Of  a  naaU  cfahiility  of  ^yEetiufM  df  iron 
and'lend.  The  flItKred  flnid  icnmined  limpid 'SModlouAMs'in 
vacuo,  and  itevefitMlty  ieaTes  a  laRk'trfiite  0|paq[ue -stiHfatuHfe, 

'  wMch  has  no  appeoncnee  bf  eryBtallixation.'  TbiS' l^lilte  Mttfler 

-  lias  the  following  propertieG :  it  dtsst^Tee 'in  water,  to  w^lJefa'it 
'  impaits  an  acid  and  agreeable  flaycur,  btA  wbitib  ts  TftAer 

astrinig«nt.  In  contact  with  the  tur  it  deposits  frrtiesiau'WfR, 
«nd  iUMtitnes  a  gteenidi  colour.  It  ie  inodorous;  uoltWa'it  has 
feegon  to  decompose.  When  boiled,  -the  'li«[uid  gives  oet'bydro- 
eysnic  add,  ana  deposits  a  powder  whitih  becotnes^bhie  in««hi- 
tact  with  the  air.  It  is  necessary  to  boil  it  fa(r«Oi«*'l4fflt'to 
decompose  it  entirely.  The  fluid,  M^en  half  itecofflpOaed'hy 
ebnUition,  has  seemeti  to  me  to  possess  a  more  BstringenlftMte ; 
I  will  notaasert,  whether  by  this  operatjoti,  there  ^  fbimed 
an  hydrocyanate  of  iron  mth  a  smaller  excess  of  acid.  'K  BoH 
■water  be  saturated  with  Atj  soperhydrocyanate,  and  the  strftttlbtt 
^e  suffered  to  remain,  it  gives  small  transparent  colouriesawys- 
tals  which  appear  to  contain  water  of  crvBtallizfttion,  hot  i  h&ve 
not  been  able  to  determine  tJheir  form.  Tlie  crystals  are  fbrmed 
in  gronpes  composed  of  concentric  rays.  The  rays  appeatedto 
me  to  be  qnadriktend  prisms.  If  I  were  permitted  to  conjecture, 
I  -would  say  that  these  crystals  are  a  hydrocyanate  tq  which 
water  replaces  the  second  base  that  existed  with  the  protozJde'of 
iron.  Ilie  white  substance  obtained  by  evaporation  in  racuoddes 
not  appearto  contain  any  water,  or  rather  appears  to  be  the  supfcr- 
'hydrotyanate  of  protoxide  of  iron  without  water  of  crystalKza- 
iion;  for  if  it  be  distiUed  in  a  small  and  proper  apparatris,  it 
-gives  at  first  hydrocyanic  acid ;  afterwards  carbonate  of  ammo- 
'  nia  and  pmssiate  of  ammonia.  The  production  of  %mmonia.  in 
this  ejmeriment  proves  that  what  remains  after  the  hydrocyanic 
acid  which  is  first  evolved  is  a  hydrocyanate,  and  not  a  cyanuret, 
because,  in  the  latter  case,  it  could  only  have  ^ven  hydrocyanic 
acid  and  azotic  gas.  This  substance  may  be  Kept  without'«Ite- 
ration  in  weil-closed  vessels,  but  in  the  air  it  gradually  decom- 

Joses,  becomes  at  first  greenish,  afterwards  blue,  and  Sntdhes 
y  being  entirely  converted  into  prussian  bloe. 

V.  On  the  Decomposition  of  Hydrocyatiates  bu  Exposure  to  a 
High  Temperature  in  close  Vessua. 

It  is  evident  Irom  what  I  haT«  above  stated  that  several  cya- 
nurets  when  exposed  to  bent  in  closed  vessels  must  exhibit 
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I .  have  MQUoiaed  s«Be  -of  tbetn-  witiL-'t^  view,  wad  I  thiilk 

-'ibat  i^can-draw  coaolasioDe  from  my  ekperiments  rt^aiding  Ae 

■frikoledaea  of  oyauuetB. 

1,  Cyamiret  oflroa  and  Potassuimi — I  beated  thii  in  a.  srraSl 

'•pputatUB,  90  BiraDged  Ss  to  dotte<tt  the  gases  evolved;  Aira 
beat  naar  vedaeBs,  it  naelte  ;  aad  befoire  (ius,  it  givea  cotbii^ 

"^VVlatile  or  eas^pus.     But  at  a  strong  red  heat,  -it  is  filled'Tfith 

-sioall  bubUes  w^oh  are  diseogagea  at  long  intervals,  and'it 
nmainsia  this  state,  even  at  a  tempentHFe  at  which  the  g^ass 

•Boftent.  While  oooUng,  it  has  a  aeep^ellow  colour;  but  it 
beooneB  almost  oelourkee  upon  coeliDg  to  the  temperature  of 
the  atmoephere.  DisEolved  in  water,  it  ieayes  a  small  quantity 
of^uadiioarburet  of  iron  in  black  flakes,  and  the  solution  has 

'4^kaliiie- -properties  aad  smells  of  hydfccyanic  acid.  The  gas 
obtained  possessed  all  the  chamoters  of  azote.     Thecyannretof 

Jotash  sepaneted  tiaoi  oyanuret  of  iron  thus  decomposed  gives 
ydrooyanate  of  potEish  with  water,  from  whence  its  alkabne 
rfireperty  and  hydroeyanic  odour  are  derived. 

,2.  Cyamtpet  of  Iron  and  Barium  treated  in  theeame  mamter 
is  more  easily  decomposed  at  a  red  heat,  gives  abundance  of 
exotic  gas,  and  leaves  a  residuum  of  cyanuret  of  barium  and 
quadrioarburet  of  iron.  The  decomposition  is  usually  so  comr* 
^fite,that  the  stJution  gives  no  blue  with  scJutions  of  deutozide 
-of  iron  ;  bat  there  are  obtwaed  a  solutioQ  of  ■  a  fine  purple-red 
coieor,  and  a  red  precipitate.  This  red  oompound  was  first 
observed  by  M.  Vauquelm:  he  obtained  it  by  treatin?  deutoxtde 
-  of  iron  by  hydrocyanic  acid,  lliat  which  was  obtained  in  the 
iQEumer  now  descnbed  was  not  decomposed  by  ammonia ;  aad 
.  .after  being  evaporated  to  dryness,  it  was  again  pardy  soluble  in 
•water.  Another  part  appefued  to  be  decomposed,  .and  was 
ichug^d  into  a  greenish  mass. 

3.  Cyanuret  of  Iron  and  Calcium  is  still  more  easily  decom- 
posed  than  that  of  barium.  As  it  retains  more  water  relatively 
to  its  voliune,  it  gives  small  drops  ofwater,  and  a  litde  carbonate 
and  hydvocyanate  of  ammonia.   Towards  tiie  end,  and  when  tlie 

/heat  becomes  red,  it  bums,  but  not  vividly,  in  the  same  manner 
ss  before  observed,  witli  respect  to  the  hydrocyanate  of  iron  and 
4umuonia. 

4.  Cyanuret  of  Iron  and  Lead. — If  it  contains  vtater,  bydro- 
cysnale  of  ammonia  is  obtained,  which  readily  decomposes,  and 
becomes  brown.  At  a  rod  heat,  it  begms  to  evolve  azotic  gss^ 
land  gives  nothing  else.  When  the  disengagement  of  gas  is 
finished,  if  the  retort  be  put  in  the  middle  of  the  fire,  vivid  com- 
bustion is  produced.  If  this  temperature  be  employed  before 
■ibo  cyaaatet  is  decomposed,  the  disengagement  of  azotic  gas 
Ottcurs  vitlt  sudi  ra^dity  during  the  combustioo,  that  a  portion 
«f  the  e9aly  mass  le  carried  op  with  it.    If  all  the  water  has 
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be«D  separated  from  the  cyanuret  befoie  the  comqien^Dieiit  ef 
the  experiment,  the  residual  mass  is  a  double  carburet,  coDutowd 
of  an  atom  of  quadricarbtlret  of  iroD  and  two  atoms  of  qnadricar- 
buret  of  lead,  Fe  C*  +  2  Pb  C*.  If,  on  the  other  hand,  the 
cyanuret  contains  water^  obe  pait  of  the  carbon  of  the  cyanogen 
is  converted  into  cwbonic-acid  at  the  expense  of  the  water,  and 
there  is  a  deficiency  of  carbon  in  the  quadricaxburet  of  iron.  It 
has  been  supposed  that  the  residual  mass,  after  the  decomposi' 
tion  of  cyanuret  of  iron  and  lead,  is  a  kind  of  pyrophorus  ;  this 
is  an  error  probably  derived  from  the  circumstance  of  the  carbu- 
rets thus  obtained  taking  hre  readily  at  a  lower  temperature  thmn 
is  sufficient  to  inflame  other  bodies  i  so  that,  if  the  retort  be 
broken  before  the  contents  are  cold,  they  take  fire,  and  continue 
to  burn  like  amadou. 

5.  Prussian  Blue. — Prussian  blue  treated  with  muriatic  acid 
was  dried  at  the  temperature  of  336  Fahr.  and  aflerwarda  decom- 
posed. It  gave  at  first  pure  water,  then  a  iittlri  hydrocyanate  of 
ampionia,,and  afterwards  a  great  quantity  of  carbonate  of  ammo- 
nia, but  always  followed  by  moisture.  After  the  evolution  of  tite 
volatile  bodies,  I  placed  the  retort  in  the  middle  of  bumi^ 
charcoal,  and  there  was  produced  a  quick  and  brilliant  combus- 
tion, as  with  the  hydrocyanate  of  iron  and  ammooia. 

Fifty  partE.and  7-lOths  of  the  black  mass  which  remained  in 
the  retort  were  burned  in  a  small  capsulepreviously  weighed, 
.  54'86  parts  of  red  oxide  of  iron  were  left.  This  relation  between 
the  weights  of  the  carburet  of  iron  and  that  of  the  oxide,  agrees 
preci^e^  with  a  tricarburet  of  iron  Fe  C  ;  for,  according  to 
calculation,  50-7  of  tricarburet  of  iron  ought  to  give  54'89  parts 
of  red  oxide  of  the  metal.  As  water  accompani.es  the  products 
of  the  decomposition  of  prussian  blue,  from  the  beginning  to  the 
end,  it  is  evident  that  the  affinity  of  iron  for  carboo  keeps  tfaem 
in  a  fixed  state  of  combination,  and  consequently  the  proportion 
of  carbon  in  the  carburet  of  iron  obtained  by  the  decomposition 
of  Prussian  blue  is  not  an  accidental  circumstance. 

6.  Hj/droci/aiiale  of  Iron  and  Copper. — This  compound  con- 
tains water,  l^e&ides  that  which  converts  it  into  hydrocyanate.  It 

fives  during  decomposition  much  water,  some  carbonate,  and 
ydrocyauate  of  ammonia.  The  phenomena  of  combustion  may 
be  produced  in  the  mass,  but  for  this  purpose,  a  very  high  tem- 
perature is  necessary,  and  yet  it  is  not  very  brilliant.  The  resi- 
dual mass  is  black,  and  possesses  the  external  characters  of 
those  already  described.  It  infianies  readily,  and  continues  to 
burn  by  itself;  27*7  parts  of  carburet  yielded  28'9  of  the  two 
oxides,  both  at  the  maximum  of  oxidation.  The  numbers  agree 
with  a  compound  of  an  atom  of  quadricarburet  of  iron  and  two 
atoms  of  bicarburet  of  copper;  that  is  to  sw,  Fe  C*  +  2  Cu  C. 

7.  Hydrocyanate  of  Iron  aiid  Cobalt. — If  this  hydrocyanate  is 
well  dried,  it  gives  only  a  smalt  quantity  of  water,  carbonate  and 
hydrocyanate  of  ammonia,  at  the  boiling  point  of  mercury.     Its 
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■dtwygfean  uotonr  changing  ftt'dl«  same  time,  andbecomioe  of 

'Wtmter  ^Kitti  At'  a  higher  temperature  it  btalckGns,  gives 
SMtfe'gae,  and  Attiettes  by  deflagrating.  The  black  mass 
*ppettrs'to '  be'  Pe  (>•  +  2  Co  C,  <y?  whicK  a  Binall  quantity  of 

'  «^b»ti  is  acddectally  lost  by  the  presence  of  iin  indeterndDate 
«[iiftnti^  of  adheringmoisture. 

&  Cysrmret  of  Mervun/  hag  been  bo  thoroughly  examined  by 
<M.  6ay-Lus&a&  that  i  have  nothing  to  add,  excepting  tliat  the 
e^alynaass  which  remains  afler  the  decomposition  of  this  cyanur 
ret  is  derived  4rom  the  formation  of  carburet  of  mercury  during 
.tile  decomposition,  and  this  is  the  reason  why  the  cyanogen  is 

'  always  mixed  with  azotic  gas.  It  is  this  c^boret  which  renders 
tlte  mass  black,  .and  at  last,  when  exposed  to  a  high  tempera- 
tm«,  the  mercury  is  volatilized,  and  the  charcoal  remains. 
= '  'There  is  alBo  a  double  cyanuret  of  iron  and  mercury,  or  rather 
lai  doable  hydrocyanate  ot  protoxide  of  iron  and  deutoxtde  of 
•toircnry.  It  is  obtained  by  dropping  a  solution  of  corrosive 
aablnnate  into  one  of  cyanuret  of  iron  and  potassium.  A  white 
^eoipitate  is  formed  f  but  it  is  decomposed  not  only  by  ebiiDi- 
jtion,  which  causes  the  cyanuret  of  mercury  to  dissolve,  and 
ieftves  that  of  iron  insoluble,  but  alao  by  the  contact  of  the  air, 
which  causes  the  cyamiret  of  iron  to  become  prussian  biue ;  so 
that  1  bare  notbeen  able  to  obtain  it  in  a  dry  state. 

&.  Gi/mmret  of  Iraie  and  Silver  becomes  bluish  by  exposure 
to  a  lituetoo  much  during  drying.  It  is  a  cyanuret,  and  notaa 
hydrocyanate.  When  decomposed,  it  gives  at  first  cyanogea, 
and  afterwards,  -when  the  cyanuret  ofirohbe^ns  to  decompose, 
it  ^ves  azotic  gas.  The  phenomenon  of  combustion  occurs  at  a 
tower  temperature  than  with  other  cyanurets.  The  residual 
mass  is  a  mixture  of  metallic  silver  and  quadricarburet  of  iron, 
-from,  which  the  silver  may  he  separated  by  being  well  tritu- 
tated  with  mercuiy. 

(Toie  eimliaued.) 
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Ott  Ike  Application  of  Uowar^i  Fulimnaiing  Mercurv  to  the 
Discharge  of  Ordnance.  By  John  Deuchar,  MWS.  Lecturer 
on  Chemistry  in  Edinburgh. 

(To  the  Editor  of  the  Annah  nf  Philosophy.) 

■    MR,  EMnVtiTgh,  Mit^T,  mi.. 

I  HAVE  just  read  a  commanication  from  your  correspbadeot 

T.  v.  R.  M.in  the  number  of  the  Annah  lor  this  month.     He 

seems  to  have  overlooked  that  part  of  my  paper  near  the  top  of 

page  91,  in  which!  mention  that  I  had' used  fulminating  mercory. 

New  Series,  vot.  I.  2  f  u,r.-euf,GQOQ[c 


•4B0  Fnf.BntMmidaa  the  Structure  tf^tJOjie,    t'>**» 

■nd  ihai.  it  rent  aauDder  the  ateel  plate  at  the  top  of  Ute  a^pfM^ 
ratus  without  firing. the  gunpowder  at  the  bottom.  However,  m 
lie  BDg^sted  the  trial  of  dittereat  proportions  of  the  fulminaUaig 
nercury  with  sulphur  and  cbatcoal,  and  that  too  with  the  know- 
ledge of  mixtures  of  these  three  ingredients  having  been  used  ia 
several  secret  experiments  some  time  ago  performed  in  Pans,  I 
have  repeated  my  experiments  with  Howard's  fulminating  mer- 
cury weakened  withtlie  above  two  inflammables.  I  first  tried  to 
■fice  gunpowder  with  it,  through  flannel,  at  the  bottom  of  l^ 
wparatus  (Plate  III.  fig.  1),  p.  89,  when  I  found  that  it  not  ooly 
.did  not  inflame  the  gunpowder,  but  failed  completely  in  tearing^ 
at  even  moving,  the  paper  at  the  bottom  of  the  tube.  1  next 
tried  the  effect  of  exploding  the  mixture  at  the  top,  when  the 
tube  presented  no  resistance  at  all  to  any  Same  that  might  pnu 
along,  but  I  found  that  bo  liglit  appeared  at  the  bottom,  ^though 
I  performed  the  whole  in  a  dark  situation.  I, then  shortened 
the  tube,  but  still  found  that  there  was  do  fiame  sent  out  at  Uw 
end  of  it.     . 

In  some  of  these  experiments,  equal  parts  of  Howard's  fulmi- 
aaiing  mercury,  sulphur,  and  charcoal,  were  used ;  in  othera» 
,two  parts  of  the  mercury  were  taken  to  one  part  of  each  of  the 
rest ;  and  m  others  again  the  proportions  mere  stiU  furlher 
varied.  I  remain,  yours  respectfully, 

-     John  !Ds.uchajk. 


Article  IX. 

-Haiice  of  a  Paper  laid  before  the  Geological  Society  9ttlhe:Strvtt- 
tare  of'  (he  Alps  and  adjoining  Paris  of'  the.Canttaeot,apdtkeir 
Relation  to  the  Secontutry  and  Transition  Rocks  of'  E/isloiid. 
By  the  Rev.  W.  Bucktand,  Professor  of  Mineralogy  and  Geo- 
logy in  the  University  of  Oxford,  FRS.  FLS.  MGy.  &.c. 

The  detail  of  the  phsanomena  of  which  I  have  endeavoured  to 
include  a  brief  summary  in  this  prospective  notice,  will  form  the 
subject  of  a  future  and  more  extensive  communication  to  the 
Geological  Society.  My  immediate  object  is  to  present  ah 
abstract  of  the  leading  points  of  resenibiance  between  the  rocks 
of  the  Alps,  and  those  which  occur  in  our  own  country. 

Of  the  primitive  alpine  rocks  that  form  the  central  axis  ofthis 
most  elevated  and  most  important  mountain  chain  in  Europe,  I 
have  only  to  observe  that  tney  present  such  an  identiljy  of  sub- 
stance and  circumstances  with  the  primitive  rocks  of  other  parts 
of  the  world,  that  any  detailed  account  of  them  wiU  be  anne- 
f-essary. 

But  with  regard  to  the  transiUon  and  aecondary  strata.that 
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oecnr  in  these  same  elevBted  regions,  much  difficulty  exists,  and 
mach  error  prevails,  which  it  will  be  my  object  to  endeavour  to 
'dttaway. 

The  term  transition  (for  example)  is  applied  by  many  of  the 
-  first  geologists  of  the  Continent  to  a  class  of  alpine  rocks  of  the 
same  age  with  those  which  in  England  are  jiietly  considend 
secondary,  and  which  constitute  the  new  red  sandstone,  or  red 
vock  marl  formation,  of  the  English  [geologists  ;  and  the  alpine 
'  Itmestoues  which  have  been  supposed  to  have  pretensions  to  high 
'antiquity  will  be  found  on  closer  examination  to  be  contempora- 
-neous  with  the  magnesian  limestone,  and  oolite  formations  of 
Sngland,  and  consequently  more  recent  tlian  our  great  coal  for> 
mation  and  mountain  limestone;  with  which  latter  its  namt^ 
eitemal  aspect,  and  elevated  poRition,  would  at  first  seem  to 
•nociate  it.  It  will  be  found  moreover  that  the  mountain  lime- 
stone and  great  coal  formation  of  England  do  not  occur  in  the 
Alps. 

The  tertiary  formations  also  constituting  the  molasse  and 
iugelflue  of  the  Great  Valley  of  Switzerland  nave  been  mistaken 
for  the  new  red  sandstone  beds  of  England. 

The  causes  of  these  mistakes  I  shall  point  out,  and  endeavour 
to  do  away ;  they  consist  partly  in  the  enlarged  bulk,  and  partly 
in  the  want  of  distinct  features,  and  of  tangible  character,  whicB 
accompany  all  secondary  strata  as  they  enter  the  Alps. 

}  shall  hope,  however,  to  prove  their  identity  with  English 
formations  by  the  evidence  of  actual  sections  ;  and  to  show  that 
ft  constant  and  regular  order  of  succession  prevails  in  the  alpine 
and  transalpine  districts,  and  generally  over  the  Continent,  and 
Aot  this  order  is  the  same  that  exists  m  our  own  country.  But 
, though  refecrible  to  the  same  system,  and  coeval  in  point  of  time, 
and  conformable  with  respect  to  their  relative  order  of  socces- 
ait>n,  the  formations  of  England  and  the  Alps  are  much  disguised 
by  local  circumstances,  and  present  widely  varying  features,  tjie 
extremes  of  which  it  would  be  impossible  to  identify  without  the 
fortunate  interposition  of  certain  connecting  links  that  are  equal^ 
related  to,  and  partake  equally  of,  the  characters  of  them  both. 
.  The  most  remarkable  uiomaly  is  the  total  absence  of  the 
English  mountain  lime  and  coal  formations ;  while  our  ooHte  and 
magnesian  limestones  (under  the  name  of  alpine  limestones)  rise 
unto  the  most  elevated  crests  and  pinnacles  that  crown  the  sum- 
mits of  this  gigantic  chain.  The  following  are  among  the 
gfeatest  heists  which  they  occasion^ly  attain : 

Fa* 

Ortler,  in  Tyrol 14,466 

Jtmgfrau,  in  Switzerland 12,872 

Dodi  Bei«,  in  ditto 10,059 

Tiltis 10,000 

DiableretE 8,240 

DentdeMorcIe 7,600 

2p2  ,  ,  .  ..e'.oo'^lc      . 
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In  the  Pyrenees  alao  we  find  the:  same  limestones  farming  the 
most  elevated  ridge  and  greet  water  ehed.  of  that  vast  chain,  and 
rising  in  Mount  Perdu  to  10578  feet,  and  in  the  Toire  de.Mao- 
bore  to  10,260. 

These  al^ne  limestones  include  nearly  all  the  calcareous' fox- 
mations  of  England,  from  the  jnagaesian  limestone  which  lies 
next  above  our  coal  measures  upwards  to  chalk,  piled  on  each 
other  without  any  subdividing  strata  of  clay  or  sand,  and- all 
assuming  the  common  character  of  a  comjiact  grey  marble,  pos- 
aessing  no  variations  by  which  one  part  of  the  formation  can  be 
distinguished  from  another.  And  such  is  generally  the  featnre- 
iess  condition  of  the  great  calcareous  masses,  which,  extending 
from  the  Pyrenees  through-  the  south  of  France  by  Avignon  to 
Sauphinc,  stretch  thence  uninterruptedly  through  Switzerland, 
TVrm,  Saluburg,  and  Styria,  to  the  Danube  below  Vienna:; 
while  on  the  south  aide  of  the  central  Alps  a  similar  calcareouf: 
mass  extends  from  the  Lago  Maggiore  and  Como  through,  the 
Itahan  Tyrol  into  Croatia  and  Dalmatia. 

,  Fortunately  this  want  of  distinguishing  feature  is  not  universal; 
occasionally  spots  occur  in  which  the  strata  present  evidences 
which  identify  them  with  those  of  England,  and  throw  light  on 
the  history  ot  the  laiger  and  less  distinctly  characterized  masses 
of  which  they  form  a  part. 

The  general  structure  of  the  Alps  and  Jura  mountains,  and. 
the  valleys  adjacent,  reduced  to  their  most  simple  form,  may  be 
briefly  slated  thus : 

1.  General  Structure  of  the  great  Alpine  Chaiu. 

'llie  central  axis  of  this  vast  chain  extending  continuous^ 
.north  eastward  from  Savoy  through  Switzerland,  Tyrol,  ana 
Styria,  to  Presbui^,  is  composed  of  primitive  rochs,  the  average 
breadth  of  which  is  about  60  miles.  In.  contact  with  these  are 
-estensive  masses  of  transition  rocks,  but  their  presence  isinrego- 
lar;  and  when  they  occur,  there  is  nothing  in  the  external  features 
of  the  country  to  mark  their  junction  with  the  primitive  masses. 

This  central  ridge  of  primitive  and  transition  rocks  is  bounded 
on  each  side  by  two  vast  belts  of  alpine  limestone,  coextensive 
with,  and  continuous  beyond  the  primitive  chain.  The  elevation 
of  the  latter  sinks  gradually  as  it  advances  north  eastward,  till, 
near  Presburg,  it  drops  below  the  bed  of  the  Danube,  and  on  the 
north  ofthat.river  again  gradually  rises  to.  form  ihe  chain>of  the 
Weise  Gebii^e  which  connects  the  Alps  with  the  Carpathians.' 

The  latena  belts  of  alpine  limestone  maintain  their  elevation 
more  constantly  than  the  primitive  chain,  and  extend  themselves 
ftr  beyond  it ;  the  north  belt  stretchii^  north-westwards  from 
Dauphine  into  Languedoc,  and  tdthe  Pyrenera,  uid  the  south 
belt  south-eastward  by  Caroiola  into  DaUnatia. 

These  lateral  be|ts  are  divisible  iqto  two  systems,  the  dder 
and  younger  alpine  limeston,eB ;  the   former  contemporaneous 
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widii  the  magiKBian  limestone  thatreata  in  the  coal  foimationof 
Et^aad,  and  cburactenaed  by  containing  gypsum,  salt  and 
metallic  ores,  and  occasionally  beds  of  saliferous  marl,  red  sand^- 
stone,  and  rouhwacke ;  the  latter  entirely  destitute  of  all  these 
subatances,  and  comprehending  beds  which  their  organic 
remains  and  superposition  to  the  elder  alpine  limestone  -and 
occasional  structure  show  to  be  contemporaneous  with  the  lias 
and  oolite,  and  sometimes  green  sand  and  chalk  formations  of 
England.  The  chalk  seems  to  occur  only  on  the  Italian  side  of 
the  Alps,  near  Vicenza. 

These  beds  of  alpine  limestone  are'bounded  externally  by  the 
Tertiary  formations  of  the  Plain  of  Lombardy  on  the  south  ;  ^nd 
by  similar  tertiary  formations  in  the  Great  Valleys  of  the  Danube, 
and  of  Geneva  <ni'the  north. 

Internally,  they  are  terminated  by  two  precipitous  escarp- 
ments; one  on  each  side  of,  and  both  rising  towards,  the  central 
primitive  ridge. 

.  Between  these  two  escarpments  there  are  detached  ridges 
and  insulated  or  outlying  masses  of  the  same  alpine  limestone 
covering  occasionally  large  tracts  of  the  intermediate  primitivft 
country. 

Note. — The  great  north  escarpment  produces  a  remarkable 
effect  upon  the  upper  courses  of  all  the  important  rivers  that 
rise  on  the  north  side  of  the  central  watershed  of  the  Alps,  i.  e. 
the  Iserre,  Rhone,  Rhine,  Inn,  Salza,  and  Enns. 

Most  of  their  tributary  streams  take  origin  in  the  central-pri- 
mitive ridge,  and  descend  northwards  till  they  meet  the  great 
escarpmentof  the  alpine  limestones.  On  approaching  this,  they 
are  suddenly  deflected  nearly  at  right  angles  to  their  former 
direction,  and  nin  Under  it  from  60  to  100  miles,  till  some  gorge 
ot  fracture  in  the  limestone  allows  them  to  escape  into  the  plains. 
'  The  above  rivers  enter  their  gorges  at  the  following  places,: 
The  laerre  at  Orenoble.  Rhone  at  St.  Maurice.  Rnine  at 
Sarins.  Inn  above  Kufstein.  Salza  at  Werfen.  Enns  .at 
Hinau,  10  miles  north  of  Eisenertz,  in  Styria. 

The  extent  of  their  course  under  the  escarpment  is  aa  follows  : 

laerre  from  Conflans  to  Grenoble. 
'    Rhone  from  the'Furka  to  St.  Maurice. 

Vorder  Rhine  from  its  source  to  Coire. 

Inn  from  Laadek  to  Inspruck  and  Kufstein. 
'    The  course  of  the  Upper  Salza  is  not  in  the  valley  immediately- 
subjacent  to  the  limestone  escarpment,  but  in  a  parallel  valley 
of  prituitive  rocks  at  no  great  distance  to  the  south  of  it. 

Some  minor  rivers  between  this  valley  and  the  escarpment  are 
similarly  affected  by  it,  and  escape  by  minor  gorges. 

Haas  from  Radstadt  to  Hiflau. 

The  aoQth  calcareoas  belt  appears  to  dip  (at  least  at  its  west 
jBXtreaiity  near  Como  and  Verona)  towards  the  plain  of  Lom- 
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baidy,  and  sick  beneath  the  tertiary  formations  of  the  1i)a«iB«f 
the  Po;  wbile  the  north  calcareous  helt,  being  dieposed  in  a  kind 
of  trongh  shape,  has  a  double  dip  and  double  eacarpment,  dt^ 
ping  northwards  .along  its  line  of  junction  with  the  ceatr^  pri^ 
nitive  chain,  but  changing  its  inclination,  and  again  rising  wHk 
an  highly  elevated  escarpment  also  towards  the  north,  alon?  tbs- 
line  of  its  terminatioa  in  the  Valley  of  the  Danube  and  of  amk* 
wiland. 

At  the  foot  of  thi^  north  escarpment,  the  limestone  rests  gene- 
rally on  a  basis  of  greywacke,  dipping  southwards  under  tW 
liibeetone  towards  the  central  Alps,  and  being  often  macb  dis- 
torted and  even  vertical. 

The  same  greywacke  appears  irregularly  along  the  hose  of  ila 
south  escarpment,  and  may  be  seen  at  Werfen,  50  miles  oo  the 
south  of  SallzlHirg. 

The  sonth  calcareous  border  rests  sometimes  immediately  on 

Erimitive  slate  without  the  intervention  of  khy  transition  rtH^B, 
ut  more  frequently  upon  an  extensive  deposit  of  red  sandstone, 
red  conglomerate,  via  porphyry,  which  are  considered  as  bdoo^ 
ing  to  uie  transition  formation  by  Brocchi  and  most  writers  on 
the  Alps,  but  which  appear  to  be  contemporaneous  with  the  new 
■cd  sandstone  fonnatioa  of  England. 

The  following  order  of  succession,  founded  principally  on  Hm 
rocks  that  occur  in  Switzerland  and  the  Tyrol,  may  he  considered 
AS  a  type  of  the  general  stnicture  of  the  Alps  and  valleys  adja* 
cent'to  them.  I  shall  arrange  them  in  classes  according  to  the 
Barnes  by  which  they  are  generally  known  on  the  Continent,  and 
point  out  the  analogies  which  the  component  members  of  e««h 
class  bear  to  the  strata  of  England. 

1,  Tertiary  Formatiom. 

These  formations  are  principally  composed  of  strata  of  sand, 
sandstone,  clay,  and  limestone,  of  nearly  tlie  same  age  with  the 
forinations  above  the  chalk  in  the  basins  of  London  and  Paris, 
and  containing  subordinately  beds  of  matlstone  and  coal,  in  both 
of  which  are  occasionally  found  freshwater  shells.  The  sand- 
stone and  conglomerate  constitute  the  molasse  and  nagelflue  of 
Switzerland,  and  their  order  of  succession  is  ;  1.  or  uppermost, 
nagelflue  ;  '2.  freshwater  formations ;  3,  molasse.  The  thickness 
of  1  and  3  is  from  3000  to  4000  feet.  The  occurrence  of  fresh- 
water formations  is  partial,  and  their  thickness  not  considerable. 

Tbe  molasse  ana  nagelflue  occupy  the  Great  Swiss  Valley 
extending  from  the  Lake  of  Geneva  to  that  of  Constance,  from 
■  vhence  tney  continue  down  the  Valley  of  the  Danube  into  the 
plains  of  Hungary  and  Transylvania:  they  are  occasionally 
accompanied  by  limestone  tiiat  bears  a  strong  resemblance  to 
the  calcaire  grossier  of  Paris. 

II.  Younger  Alpine  Ldmeatone. 

1.  ChaOe,  MsiMMJng'the  form  ot  -hard  e<»ipast-1 
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passing,  as  in  Lincolnshire,  from  brick-red  to  pure-white  colour, 
and  containing  nodulee  of  black  flint,  occurs  in  the  Subalpine 
Hills  of  tbe  Vioentino  on.  the  north  of  Vicenza  and  Verona,  4nd    . 
ak  Uoatsselice  near  Padua. 

2.  Green  Sand. — Dark  sandy  limestone,  interBperssd  witl^ 
gnains  of  green  earth,  and  coataiaing  abaadantly  the  same 
oiganic  reaieins  with  the  green  sand  forn^tioa  of  England, 
•specially  that  near  Folkstone.  It  occupieg  a  considerable 
•stent  in  Savoy  and  Switzerland,  where  it  rests  on  oolite,  an4 
•ODstitutes  the  most  Feoant  beds  of  the  younger  alpine  lime- 
■tone,  forming  tlie  summits  of  the  Varens,  Buet,  Dent  da 
Morale,  and  Diableretz  mountains,  at  an  elevaUon  of  7000  or 
8000  leet,  and  ranging  in  a  hne  parallel  to  the  central  primitive 
•bain  of  Mont  Blanc  acroBs  Savoy  from  the  valley  of  tbe  Arv» 
to  tliat  of  the  Khone. 

3.  Oolite,  or  Jura  Limestone. — The  two  principal  varie-' 
ties  of  this  formation  are  :  1.  A  compact  grey  marble;  2.  A. 
rranutar  oolite ;  the  latter  occurs  abundantly  in  the  Tyrolj 
in  the  valley  of  the  Adige  below  Trent,  and  occasionally  in 
the  Sfdtzijurg  mountnias;  the  former  prevails  in  Switzer- 
land, and  generally  through  the  Alps;  near  Aigle,  on  the 
south-east  of  Vevey,  it  assumes  the  character  of .  red  Qom-i 
pact  marble  similar  to  that  of  Saltzburg;  and  at  Uoche,  iq 
thft  same  neighbourhood,  it  is  full  of  organic  remains  resem- 
bling those  of  the  English  coral  rag;  but  from  tlie  compact 
nature  of  tbe  matrix  in  which  they  are  imbedded,  these  ate 
Tisible  only  on  the  surface  of  the  weathered  blocks.  This  last 
observation  may  be  applied  also  to  a  large  proportion  of  thB 
younger  alpine  limestone  beds  in  the  Tyrol  and  Saltzburg,  in 
which  the  organic  remiuns  are  for  the  most  part  concealed  by  ^ 
&e  extreme  comfiactness  of  the  stone  ;  but,  when  apparent,  are 
leferrthle  to  the  same  classes  with  the  oolite  fossils  ot  England, 
Such  remains  are  distinctly  visible  atl^^afels,  near  Giants,  in  Swit- 
Ksrland,  and  at  Halstad,  m  Salbcbui^ ;  where  also  the  limestoaa 
Iwcomes  partially  oolitic. 

4.  Uaa.-~The  lias  (like  ^I  the  oUier  formations  in  the  Alps) 
is  destitute  of  its  alternating  beds  of  clay,  but  maintains  its  posi-^ 
tiOQ  between  the  oolite  and  new  red  sandstone.  At  the  salt 
mines  of  Bex,  it  reposes  immediately  on  the  upper  bed  of  salife- 
rous  gypsum,  where  it  is  a  dark-blue  compact  limestone,  and 
contains  ammonites,  nautilites,  terebratulites,  and  many  bivalves 
identical  with  those  of  tbe  lias  of  England. 

At  HaJstad,  it  occupies  a  similar  position  between  the  oolite 
and  red  mai^y  sandstone  that  covers  the  saliferous  limestonet 
and  is  full  of  ammonites,  belemnites,  and  other  lius  fossils.  At 
Seafelden,  near  Inspruck,  it  contains  Ash  similar  to  those  which 
•ccur  ia  the  English  lias  at  Lyme  Regis.  And  at  MischeUe; 
Dear  Trent,  it  may  be  seen  dividing  the  oolite  from  the  red  man 
Mldaaw  red  iBBOitOBe. 

L)i.-raM>,GOOglc     ' 
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III.  Elder  Alpine  Ltmtitom. 
Ma^esian  Limestone  of  England. — ^Tbe  thickness  of  this 
formation  in  the  Alps  is  very  considerable,  and  we  must  refer  to 
it  a  large  class  of  rocks  which  are  placed  by  Broc<^i,  Cfaarpen- 
tier,  and  oUier  writers,  among  transition  limestones.  Mr.  KheX 
has  lately  proposed  to  call  them  by  the  name  of  Hochgebirgs 
Kalkstein  (high  mountain  limestone)  from  the  great  elevation 
they  usually  attain.  The  limestone  is  here  and  there  precisely  of 
the  same  cnaracter  with  tiie  English  magnesian  limestone ;  but 
in  general  it  is  leas  abundantly  charged  with  that  earth  than  it  is 
wim  ns,  though  it  presents '  at  intervals  nearly  all  the  varieties 
that  attend  this  formation  in  England  and  Germany,  its  pre- 
vailing character  in  the  Alps  is  a  darit  compact  limestone,  not 
easily  distinguishable  from  the  compact  younger  alpine  lime- 
stone without  the  aid  ofits  occasional  metallic  contents,  and  of 
the  subordinate  beds  that  occur  in  it :  the  latter  are  referrible  to 
the  following  strata  of  the  magnesian  limestone  formation  that 
wte  well-known  in  Germany. 

1.  Zechatein. — Dark  compact  stratified  limestone  sometime 
much  charged  with  silex,  alumine,  or  bitumen.  Localities :  Ait- 
enburg,  on  Lake  Lucem,  north  border  of  Lake  Wallenstadt, 
IscbelT  salt  mine  in  Saltzbui^. 

2.  Asche. — Dark  grey  limestone,  of  minute  sandy  grain, 
rough  to  the  touch,  and  decomposing  to  loose  powder,  resem- 
bling ashes.  Its  most  compact  vaneties  are  often  split  into 
-small  angular  fragments,  which  are  reunited  into  an  irregular 
breccia. 

Localities :  Pass  of  Guncles  under  Galanda  Berg  on  the  west 
of  Coire,  in  Switzerland.     Keichenhall  salt  springs  in  Saltzburg. 

3.  :Ronhwacke. — A  brecciated  limestone  composed  of  an 
a^lutination  of  angular  fragments  of  dolomite,  not  rolled,  but 
formed  opparently  during  the  consolidation  of  the  compound 
rock  in  wnich  they  are  inclosed.  The  fragments  are  more 
loaded  with  magnesia  than  the  matiix  In  which  they  lie;  they  vary 
in  colour  from  yellow  to  red,  have  a  pearly  glimmering  aspect, 
and  decompose  spontaneously  to  a  yellow  powder,  leaving  small 
angular  cells  ;  the  intercellular  substance  forms  ahollow  nigged 
mass,  to  which  the  term  rouhwacke  (roughstone)  has  been 
applied  in  Germany. 

This  variety  is  usually  found  near  the  deposits  of  salt  and 
gypsum,  and  also  in  the  beds  of  asche  and  zechstein. 

Localities :  Bex  Salt  Mine.  Leisigen  on  Lake  Thun.  Weiss- 
tannen,  near  Lake  Wallenstadt.  Mischell,  near  Trent,  on  the 
Adige.     All  the  Rock  Salt  Mines  of  Tyrol  and  Saltzbui^. 

4.  Rogenstein  (Roestone). — An  oolitic  form  of  magnesian 
limestone,  well-known  in  the  Thuringer vald,  and  which  has 
often  been  mistaken  for  the  English  oolite,  or  Jum  limestone, 
but  differs  from  it  in  being  of  mudi  higher  anti^lj  as  well'W 
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^  chcmcter  and  composition,  l^e  Jara  and  EoE^h  ooUt* 
being  usually  of  a  light-yeilow  colonr,  inclining  to  white ;  whil* 
the  ro^Dstein  is  of  a  dark-brown  colour,  passing  to  iJoU-red :  .it« 
QoIitiC'Concretionsaie  of  coDcentiic  structure,  and  vary  in  size 
fixHn  minute  grains  to  that  of  a  large  bean.  In  Kngbnd  tbey^ 
a£taia  the  magnitude  of  a  uannoD-ball  at  Sundedand  near  Nei^ 
castle,  and  are  of  a  lighter  colour  than  in  Germany. 
■  Localities :  Hidl  Sut  Mines,  near  Inspnick ;  near  the  bridge 
of  St.  Maurice,  in  Switzerland ;  Bridge,  three  miles  south  of 
ReicheahaD,  in  Saltzburg,  on  the  road  to  Beitolsgartea. 

All  these  varieties  of  the .  magnesian  limestone  formation,  or 
elder  alpine  limestone,  he  in  the  midst  of,  and  often  pass  into,  a 
dark  compact  grey  Umestone.     In  the  same  limestone  there 

'  .occur  also  subordinate  masses  of  dark  blue  shale, ,  and  of  jed 
aandstoae ;  these  may  be  seen  in  all  the  salt  mines  of  Tyrd:and. 
Saltzbum,  where  l^ey  have  masses  and  veins  of  salt  and  gypsum 
dispersed  throughout  their  substance.  The  gypaiuD  is.  usw^j 
^tended  with  much  anhydrite,  sometimes  forming  (as  at  Bex) 
the  larger  portion  of  the  entire  mass.  The  gypsum  is  oilen 
xlestitute  oi  salt,  but  the  salt  rarely  (if  ever)  occurs  unattended 
.tqr  gypsum.  Deposits  of  gypsum  occur  abundantly  in  other 
strata;  but  salt  seems  to  be  confined  exclusively  to  toe  compo* 
nent  rocks  of  the  magnesian  limestone  and  new  red  saodstoiis 
formations. 

'    Localities  of  salt:  Hall,  Haistadt,  Halheim,  Aufaee,  Bex. 
•  Salt  is  known  to  oocur  in  Switzerland  only  at  Bex ;  but  tb« 

■  gypsum  extends  from  thence  nprth  eastwards  in  a  hne  peialld 
to  ths  central  chain  to  Leisegen.on  Lake  Than  by  the  vuleysof 
Gsteig,  Ander  Luc,  Laueaen,  and  Adelboden.  It  is  found  also 
on  the  south-west  of  Bex  at  VaLde  Lie  andother  places  on  the 
continuation  of  the  same  line  through  Savoy,  south  westward. 

IV.  Trausilion  Rocks  {improperlt/ io  called.) 
Alternating  with  the  lower  members  of  the  magnesian  lime- 
•tone,  and  interposed  between  them  aud  the  true  transition  racks 
is  an  important  deposit  which  must  be  separated  Irom  the  latter 
dasa,  and  placed  with  the  new  red  sandstone,  and  newredsaad* 
stone  conglomerate  of  England,  although  ranged  among  transi- 
tion rocks  by  most  writers  on  the  Alps,  and  by  Brocchi  ia.hit 
Account  of  the  Val  di  Fassa,  in  Tyrol. 

This  alpine  formation  admits  of  subdivision  into '  three  vari»r 
ties:  1.  New  red  sandstone;  2.  New  red  conglomerate  of 
&igiuKl,  or  old  red  sandstone  of  Werner ;  3.  Porphyry. 

1.  Nem  Red  SttHdilQtte,  or  Battler  Sandst<meof  Iferaer.-r-Thft 
component  beds  of  this  formation  are  seen  to  great  advaptaoe 
io  the  Vall^  of  the  Adige,  10  miles  north  of  Trent,  and  in.ue 
y^ley  «f  the  Avisio^  whieli  de^cemls  from  the  Val  di  Fassa  into 
that  of  :theAdige,in  the  same  neighbourhood.  In  both, these 
iBUeys  th«jr4>eeii^.the.kMr«ri^ipiu  of'iotHintains,  whoMfumtr 
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taH* are  eompoaedof  alpine limeatone :  tbeir  ardmaiy  form  isi« 
fhtjrnucaceous  sandstone,  resembtiQgredgreywacke.ahematingi 
inth  beds  of  marly  strndstOQe  awl  red  marl ;  ia  the  two  latter, 
tLere  occur  abun^ntly  beds  and  Bodules  of  gypsmn,  and  of 
y^ov  sandy-  atagnesian  limestone.  A  aimilar  depoctit  of  red 
■Mrty  lanilstoae  may  be  well  seen  at  Uaktad  between  tbe  sdU 
ferous  f^psum  and  lias. 

in  Switzerland,  the  a«ual  state  of  this  stratum  is  more  com- 
paot,  forminc  a  hard  micaceous  slaty  sandstone,  rMembling  r«d 
greywacke  slate,  aixl  variegated  with  spots  of  green.  It  ooou- 
pies  a  very  considerable  extent  in  this  country,  running  in  a  Kne 
aarallel  to  all  the  other  great  formations  l¥om  Notre  Dame 
lyAbondance,  in  Savoj[,  to  the  Valley  of  the  Rhine,  on  the  a&tt 
of  ^arns,  and  being  visible  in  the  Tiieder  Simmen  Thai  on  tlie 
«otith-weKt  of  Thun  ;  in  the  Melch  Thai,  near  Lake  Saraen ;  in 
tfae  Valley  of  Unterchachen,  near  Altorf;  at  ^chwanden,  in 
Gtarus  ;  and  at  Weistsnnen  and  Mels,  near  Sargans,  above  the 
h)!ad  of  the  Lake  of  Wallenstadt.  Large  blocks  of  it  have  beea 
drifted  down  from  this  last  named  district  over  the  hills  of 
ta#tiary  formation  that  border  on  the  Lake  of  Zurich,  It  ocean 
aklo  in  the  same  compact  slaty  form,  accompanied  by  gypsius, 
and  lying  above  greywacke,  at  Werfen,  in  tne  Tyrol,  60  milW 
•athe  Bou^  of  SiUtzbarg. 

2.  New  Red  Conglomerate  {old  Red  Sandstone,  or  Ratke  ToAt 
XffgfK(/e  of  Werner). — As  in  England  and  Germany,  so  ^so  in 
Switzerland,  and  the  Tyrol :  the  lower  strata  of  the  new  red 
aaiKkatone  formation  pass  into  a  coarse  con^omerate,  containiog 
ii^ments  of  the  adjacent  rocks  older  than  itself,  united  by  an 
srgillaceous  or  siliceous,  and  sometimes  by  a  semtporphyritte 
ttement.  The  same  characters  which  this  rock  jMresents  neai 
Exeter  and  Teigmnouth,  in  Devonshire,  and  at  the  base  of  tlM 
Thurtnger-vatd,  in  Germany,  are  maintained  by  it  in  the  Alps. 
It  occurs  in  Italy,  near  Lugano  ;  in  the  T^rol,  near  Botzen,  and 
Cav^ese ;  and  in  Switxerlaiid,  in  the  Mount  Neisen,  near  Lake 
^Suin ;  and  at  Schwanden,  in  Glarus,  The  relative  poeition  t^ 
this  conglomerate,  and  the  new  red  sandstone,  may  be  seen  to 
•dvwitage  in  the  steep  sides  and  escarpments  of  the  CHans 
mountams,  between  Schwanden  and  Matt,  where  they  ap|»Mr 
b«neath  well  characterized  strata  of  the  elder  alpine  hmestoM 
formation,  and  incumbent  on  trae  transition  rocks ;  i.e.  ihe 
greywacke  end  greywai^e  slate  of  Blattenbutg. 
•  3.  Nino  Rtd  Porphyry. — In  Switz^land,  the  coogloinerate  «F 
Schwanden  seems  almost,  bat  not  quite,  to  pan  into  Uie  statfr«f 
new  red  porphyry,  its  cement  and  many  of  its  coocnMions  being 
ia^ieriectly  crystalUne ;  but  no  decided  porphyry  of  Uiis  fyaaa^ 
tian  occurs  on  the  north  frontier  of  the  central  Alpe.  On  tkoii 
Math  «tda,  however,  near  Botxen,  there  is  an  exteasive  raBgaoF 
iDNrawnntaiiis,  composed  exdawraly  of  this  porphy^:  it  aaaf 
im  awM  mpoHDg  oa  the  mw  vad  CTagjbwwata-by  4to^art-»Mfc 
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on  the  south  of  Claufien ;  and  covered  hy  the  same  conglomerate 
and  by  new  red  Bandstone,  on  the  south  of  Botzen,  from  Neu 
Markt,  in  the  Vall^  of  the  Adige,  to  Cavalese,  in  the  VaHey  of 
t^  Aviaio. 

Along  this  line  the  porphyry  seems  to  pass  insensibly  into  the-' 
cf>ne;lomerat«,  each  containing  ooeasionally  subordinate  masaw 
of  the  other,  and  both  presenting  features  which  8eem~to  induce 
us  to  refer  theiu  to  a  contemporaneous  origin  ;  i.  e.  to  consider 
tfae  pqrpbyry  a  crystalline  form  of  ihe  same  matter  which,  in  its 
eoarsei'  state,  constitutes  tiie  red  earthy  cemeot  of  the  pebtdsa 
composing  the  conglomerate. 

'  ThiB  conclusion  is  borne  out  by  similar  phenomena  in  Ute  saja» 
fiwmation  in  England,  Sootiand,  and  Ireland. 

V.  Transition  Racks  {praperlif  so  called). 

Transition  rooks,  identical  in  every  respect  with  the  grey- 
wacke  and  greywac}^6,  slate  of  England  and  Germany,  occur 
.abundantly  in  ffie  upper  part  of  the  Valley  of  Glarus,  lying' 
beneath,  and  possessing  very  different  characters  from  the  new 
fed  sandstone  and  conglomerate  beds  which  are  usually,  bttt 
inn»operiy,  called  transition  rocks. 

■  llie  slate  quarries  of  Blattenburg,  well  known  for  their  foasil 
fish,  lie  in  a  calcareous  variety  of  this  grey  wacke  slate,  whieh 
^temates  with  decided  granular  greywacke.  l^e  same  transi- 
tion formation  extends  from  thence  to  the  Valley  of  the  Tamina, 
above  the  baths  of  Pftiflters,  and  the  mountains  that  flank  each 
nde  the  Rhine  for  10  miles  north  of  Coire,  where  also  the  slate 
frequently  becomes  calcareous. 

M.  Brochant,  in  his  paper  on  the  Tarentaise  and  Upper  Dis- 
tricts of  the  Iserre,  in  Savoy,  has  described  with  mudh  accuracy 
a  considerable  extent  of  similar  transition  rocks  on  the  south- 
west of  Mont  Blanc,  passing  from  fine  greywacke  slate  through 
Tarious  kinds  of  greywacke  to  coarse  conglomerates,  some  con- 
taining calcareous,  others  silioeous  and  granitic  fragments. 
Coeval  and  connected  with  the  latter  is  the  famous  conglomerate 
ef  the  Valtorsine  described  by  De  Saussure,  being  a  pudding- 
•tone  of  tbe  highest  antiquity,  with  fragments  <^ gneiss,  granite, 
and  clay  slate  :  these  transition-  ooaglodiet^tes  alternate  with 
inic&ceoas  ^te,  sfirpentitoe,  and  quartz  rocks  ;  and  are  totally 
dt&erent  in  appearance,  as  well  as  antiquity,  from  the  new  red 
sandstone  conglomerate  of  Schwanden. 

'  We  have  analogous  f<wmation3  in  this  country  in  the  cunglo- 
mefates  which  in  Pembrokeshire  and  near  Killamey  alternate 
with  greywaoke  and  greywacke  slate.  The  old  red  sandstone 
of  England  is  nearly  connected  with  these  last  mentioned  con- 
clomoFates,  being  intermediate  between  them  and  the  mountain 
fimeatone,  and  separated  by  no  Bixons  line  from  (he  greywadu 
foimation,  to  which  it  is  consideretT  as  belonging  whenever  it 
•oeura-OQ  tfae-Coatiawit. 

uiriieobyGoOglc 
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Primitive  Mockt. 

-Of  the  primitiTe  rocks  that  form  the  central  axis. of  the  Alps, 

I  have  only  to  remarit  at  present,  that  in  coasequeDcsof  ttvs 

tnuuition  rocks  being  in  many  places  totally  wantiog,  they  often 

come  into  immediate  contact  with  the  secondary  strata. 

Trap  Rocks. 

There  are  no  traces  whatever  either  of  trap  rocks,  or  whin 
dykes,  in  the  Alps  of  Savoy,  Switzerland,  or  Tyrol,  along  the 
entire  north  side  of  the  great  primitive  riuge  from  Mont  Blaoc 
to  Presbtirg.  But  on  the  south  side  of.it  in  Tyrol  they  occur  in 
considerahk  force  at  the  Val  di  Fassa  on  the  eaat<of  Botzen 
under  circumstances  of  singular  resemblance  to  the  trap  rocks 
and  whin  dykes  of  Scotland,  and  the  north  of  Ireland. 
.  An  excellent  mineralogical  account  of  this  district  has  been 
given  by  Prof.  Broochi,  of  Milan.  .  The  trap  protrudes  itself 
tarough  primitive  rocks,  new  red  sandstone,  and  Alpiue  lime- 
stones, both  in  the  form  of  small  dykes  and  irregular  masses : 
the  latter  swell  into  mountains  of  great  elevation  at  the  upper 
extremity  of  the  Val  di  Fassa,  abuve  Vigo  ;  and  in  the  Sie^t 
Alp  close  adjoining.  They  abound  in  well  crystallized  mineraus, 
chiefly  of  the  zeolite  family,  which  bear  a  strong  resemblaBce 
to  those  of  the.neighbourhood  of  Glasgow.  In  both  countries 
also  the  rock  itself  comes  much  into  contact  with,  and  cuts 
through  strata  of,  the  new  red  sandstone  formation.  A  similar 
mass  of  trap  occurs  also  cutting  the  Alpine  limestone  of  Monte 
Baldo  on  the  Lago  di  Garda,  where  it  is  remarkable  for  contaio- 
ing  veins  and  nodules  of  the  ereen  earth  of  Verona,  a  substance 
which  probably  derives  its  colour,  if  not  origin,  from  the  decoso- 
position  of  pyroxene. 

Not  far  south  from  Fassa,  on  the  border  of  the  plain  of  Lom- 
bardy,  is  a  still  more  extensive  formation  of  trap,  which  occupioB 
large  tracts  in  the  Vicentino,  the  Monte  Berici,  and  Euganean 

HifU. 

In  these  districts,  basaltic  dykes  cut  through  rocks  of  allages, 
from  the  mica  slate  of  Recoaro  to  the  Calcaire  Grossier  of 
Monte  Bolca  and  the  Monte  Berici ;  and  amorphous  masses  of 
trap  protrude  themselves  into  and  through  these  same  forma- 
tions, so  as  to  appear  in  different  points  both  to  lie  under  and 
over,  and  to  alternate  with  them  all.  In  the  Euganean  Hillg* 
the  trap  has  been  said  to  coatain  marine  shells;  and  hence  aa 
atgument  has  been  taken  against  its  igneous  origin.  But  theae 
cemains  occur  only  in  a  species  of  basaltic  tuf,  or  regenerated 
trap  being  a  conglomerate  rock  composed  of  minute  fragment* 
of  trap,  mixed  with  marine  shells  of  the  same  character  with 
Uioae  that  fill  the  strata  of  Calcaire  Grossier  with  which  these 
trap  ■  conglomerates  alternate.  Similar  sheila  are  found  on  the 
goutb  of  Turin  at  the  base  of  the  SubrApenniiies.ia  .a  .breocin 

Dii-raM,,  Google 
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ooniposed  of  fr^ments  of  serpentine,;;  and  in  Hungary  ulto  ia 
an  aoologouB  breccia. composed  of  fragments  of  volcanic  rocks. 

Although  no^  trap' rocks  occur  between  the  central^  Alpine 
Ridge  and  great  Valley  of  the.  Danube,  yet  amall  portions  of  it 
occur  on  the  north  border  of  this  valley  at  Hoent  Wyl,  near 
SchaJfhausen,  and  again  at  Urach,  ia^  uie  Rouh  Alp,  on  the 
north-west  of  Ulm. 

Its  extent  a  little  further  north  in  Saxony  and  Bohemia  is  too 
notorious  to  require  mention. 

Jdra  Chain. 

The  general  history  of  the  Jura  Chain  may  be  stated  more 
briefly  man  that  of  the  Alps,  from  which  it  is  sei^rated  only  by 
the  great  valley  of  Switzerland,  extending  from  Geneva  to:Con- 
stance ;  and  bein^  in  fact  only  the  continuation  of  the  upper 
extremity  of  the  valley  of  the  Danube,  and  like  it  composed 
almost  exclusively  of  strata  of  tertiaiy  formation. 
. .  .  The  Jura  Chain  runs  in  a  line  parallel  to  that  of  the  Alps,,  and 
of  this  great  valley  from  Nantua,  on  the  NE  of  Lyons,  to  Neuf- 
chatel  and  Schafinausen  ;  from  whence  its  prolongation  through 
the  RoUh  Alp  on  the  south  of  Swiibia  connects  it  with  Nurembut^^ 
and  the  great  calcareous  masses  of  the  centre  of  Germany. 

Its  dip  is  toward  the-  Alps,,  plunging  under  the  molasse  and 
nagelflue  of  the  great  valley  abo^e-nientioned.  Its  escarpment 
rises  NW  towards  the  primitive  and  transition  rocks  of  the 
Black  Forest,  and  the  Yosges.  Its  component  formations  are, 
begiouing  with  the  lowest,  new  red  sandstone,  magnesian  lime- 
stone, lias,  and  several  varieties  of  oolite ;  on  these  latter  are 
dispersed  some  irregular  patches  of  freshwater  formation  and 
lignite.  Its  most  obvious  and  most  abundant  rocks  are  beds  of 
oolite,resembling  that  of  theCotswoMHills  and  neighbourhood  of 
Bath;  and  the  term  Jura  limestone  has  been  applied  most 
usually,  and  with  most  propriety,  to  this  variety  of  its  component 
rooks,  particularly  in  the  case  of  the  oolites  of  France,  But  in 
Germany,  many  rocks  which  belong  to  the  magnesian  limestone 
formation  have  been  confounded  with  the  true  oolite  from  the 
circumstance  of  their  analogues  having  been  observed  in  the 
Jura,  and  the  Jura  being  erroneously  considered  to  contain  but 
one  fwmation.  The  upper  beds  of  the  Jura  Chain  lying  above 
its  oolite  assume  the  ordinary  compact  form  of  younger  Alpine 
limestone,  as. may  be  seen  at  Schaffhausen;  and  confirm  the 
opinion  that  the. oolite  formation  is.  a  component  portion  of  the 
younger  Alpine  limestone. 

.ThBEE  GsBAT  VaLLEVS  BORnSBING  OM'TME  Alps.     ■ 

1.  VaUty  of  Switzerland. 

The  position  of  the  Great  Valley  of  Switzerland  between:  the 

Alps  and  Jura  Chain,  and  parallel  to  both  of  them,  has  been 

L)i.-raM>,GOOglc 
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4ijpea(ly  described.  It  is  compoaed  cxclosively  of  t«rti«gr 
strata ;  i.  e.  magelflue,  molasse,  and  freshwater  formations. 
'Hieae  probably  rest  (on  tb«ir  NW  side  at  leaH)  on  the  prolon- 
gation of  the  upper  beds  of  the-  Jura  Chain  dipping  towwla  the 
Mpa. 
■       ■      .  2.  V4iUts  9f  the  DamiM. 

The  same  Tertiary  formations  extend  on  from  Switzerland 
into  the  Valley  of  the  Danube,  along  which  they  continue  east- 
ward, with  two  partial  interruptions  near  Vienna,  into  the  gretA 
plains  of  Hungary  and  TransvlvaQia. 

The  south  frontier  of  this  Valley  from  Switzerland  to  Vienna 
is  formed  by  the  Alps.  Its  north  border,  by  the  continuation  of 
the  Jnra  into  the  Kouh  Alp,  and  afterwards  by  the  granitic  rocks 
irhi(h  are  connected  with  the  great  primitive  mass  of  the  south 
of  Bohemia,  and  run  in  a  line  nearly  parallel  to  the  Danube 
-from  Ratisbon  to  Lintz  and  Metk.  It  is  probable  tJiat  the  fun- 
damental rocks  of  this  great  valley  are  transition  and  primitive, 
since  the  latter  are  seen  emerging  from  beneath  the  tertiary 
formiitioDs  along  great  part  of  their  north  frontier.  While  on 
their  south  border  from  Saltzburg  nearly  to  Vienna,  they  repose 
immediately  on  transition  rocks. 

3.  Valley  of  the  P9. 

TTie  central  portions  of  the  Valley  of  the  Po  are  so  complete^ 
covered  by  gravel,  that  we  can  only  Ibrm  conjectures  as  to  the 
rocks  that  he  immediately  beneath  it.  But  as  the  first  strata 
tfiat  appear  on  the  edges  of  this  gravel  are  referrible  to  tertiary 
fbrraRtions,  it  is  probable  that  their  prolongations  stretch  across 
from  the  base  of  the  Alps  to  that  of  the  Apennines. 

Their  position  and  character  in  the  Subapennine  HiDs  has 
been  well  described  by  M.  Brocchi ;  they  may  be  seen  to  great 
advantage  on  the  south  of  Parma  and  rlacentia  resting  on  the 
transition  limestone,  greywacke  and  serpentine  of  the  Apennines. 

On  the  north  flank,  they  are  admirably  displayed  in  tJie  Subal- 
pine  Hills,  near  Verona  and  Vicenza.  And  at  the  western 
extremity,  they  form  considerable  hilts  on  the  right  bank  of  the 
Po,  immediately  east  of  Turin:  the  hill  of  Superga,  near  Turin, 
is  a  remaH^able  point  on  this  formation. 

■T^foliowing  Tabular  Arrangemait  of  tbt  Backftkat  oceur  itt  the 
Cordineaiai  Districts  under  Comideration,  with  their  EquixM- 
lentt  in  England,  may  assiit  to  estabtith  an  Vadentaa^i^ 
between  the  Geologists  of  the  Two  i'ottntritt. 

E^GLISH    FORMATIONS.  FOBMATIONS     OF     THE    COK- 

TIMENT. 

.^I^DJinii.  AVvvbat. 
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mndadjouihg  Parts  of  the  (^tmiiaent. 

DitmOun. 


Ttxa,  and  Uumber. 

aiHki  af  Cwbbedand  snnlte  ill  Oe  pU> 
of  iJlMp^um,  ncBT  BtidaaDOTdi  t  and 
t£  Oaknj  gnudu  at  ShiO.  on  ths  &W 
«f  Carliile,.^  CoBbcrlood. 

TERTIARY   FORMATIONS. 
Loodon  and  Hampdiire  bwdu. 


HcNlBiCIiS'.  [lie  of  Wight, 


X   Piialic  Clas  Furmalian, 
CUt.  mail,  land,  M>d  grant,  with  muiu 

■helli. 
'Bkuna  of  LoDdos,  Hanti,  and  Donet. 


a  of  the  valleys  of  tbe  FU, 
the  Danube,  and  Genera, 
jlraiiite  Blocks  oq  the  Jura  abate  Nauf> 
cbatel,    and   on  the  Salwe  moantHn 
.beai  OcDBva. 


TERTIARY    FORMATIONS. 


I.  Calairfl'SaaDoucf. 

Baun  of  Faria ;  Friausberg,  near  Benw4 
St.  8a}ihorin,  near  VeTey ;  Borgfia, 
near  Zurich  ;  Lode  on  the  Jura  ;  Val. 
ley  of  ihe  Rhine,  lliiee  milea  NB  of 
Basle  These  are  piincipally  composed 
of  mail  uona,  and  eoDtaiu  hedi  Mooilr 
with  Fieshwater  shells  intermiz^. 

Oeningin,  near  tichaffhauseii,  widi  (r«dw 


S.  Ca'cninGtonUr  of  Partt. 
Teiona,  VicenUne  Hills,  and  Mimte  Bs> 

rid,  in  the  valley  of  the  Po. 
LoieUo,  SK  of  Vienna,  iq  bagin  of  llfc. 

Teui  de  Moliere,  E  of  Ymdun,  b  S«iU 

With  plants  and  marine  fidl. 
MoDte  Bolca,  neai  Veioiu. 
Solenhofeu,  ueai  Pappenhdm  (praUb^ 
flah  of  Mount  Lebauon  (piobablj). 

S.    Pla.nt  Cln)!  Farmatiati. 
Beds  <rfdiir,  mail,  sand,  and  giavel,  iritb 

marine  ahella 
Bann  of  Paris. 
All  the  edjfcsof  the  plain  of  Lombaidj; 

near  ParniB.   Placenia,  Aett,  Turn, 


.    4.   PadangMtont,  »/ HtrtfariiMr*. 


A.  rfBgtlfiui.  of  s».>. 


5.  /Jgnil 


Alum  Bay.     Isle  of  Wi^t. 
Catf  e  Clay  Pit*.    Isle  of  PoibaA. 


i   Glan 


Coal 


dJ..rFir« 


Pir/M 


Monte  Bales  s 

centino.     Fussen  in  Bavaria. 
Tilmoniitg,  TeJsendaif,  Afieabaeh.andan 

the  coal  pits  in  the  Valley  of  Che  Dm- 

Dube,  above  Vienna. 
Maibucg,  in  Styiia. 
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It  ii  DM  implied  that' [he  mbme  Ave  nibdividoiul  pitta  of  die  Tertiuj  F 

Tifcinf*m  tbc  HKme  relatife  mderof  soccevion.ia.^Dguiid'uid  on  fhe  CoKdnenC;  man 
of  dmn  probably  alternate,  but  thej  are  all  more,  recent  &aii  llie  dulk  of  England, 
Fnnoe,  and  Italj. 

SECOS'DABV    FORMATIONS. ■  ' 


aoffc 


Ciaft. 


httgt  ptopoition  of  tlie  SG.of  Ei^land. 


XjBige  propoitioii  of  the  SE  of  England^' 
OiHU  Farmation. 

Coral  n^  loose.uid  lubly.. 

Comfiaetbedsaf  Com.  Brush. 
Badingbam  marble,    Yeovil  maible.    ' 
Bath  and  CoUwoU  oolite. 

Ntm  Reg  Sanditone  md  Scd  Marl. 
Cheat  fbnoHiian  of  salt  and  gj-ptum. 


Mttg*eilan.LimiiUMt, 


Younger.  Alpine  limeMooe  of  the  Bugs- 
neon  HiUiand  Vicenline  Billi,  in  It2j, 

Ton  neu  liunenbu^,  dose  to  the  town 
ontbe  nde  of  Uambuig. 

Ciaile  of  CiBcow,  in  P<daad. 

Crait  Infirimre  s/  lit  Frtnclk. 

Qoadei.  SwidMffii  and  Plmer  Kalk,  ef 
Werner. 


Voungec  AlpiiieliineitoneofSaro' 
ing  the  lummit  of  the  Hidi  Bii 
Mount  Varens  in  Che  VJe  of  the  Am 


Saym,  for 
ilUdgefh 


toDiableret,  in  the  Rhone  Valley. 

Jura  LIniatoue  {properly  to  cailtd.'} 
Younger  Alpine    limealone    of   Samj, 

Switzeriand,  and  TttoI. 
Muschel  Kolk,  of  Wemei. 
CoT&l  Rag,    8ame  ornnic '  remains  in  ■ 

compact  matiii,  ma  used  fbr  maiUeat 

9aSit,  near  Veyey. 
Compact    limeitane     of    Sduffhamen, 

lying  above  the  Jura  Oolite. 
Saltzburgh  maible.      Coute  marble,  of 

Oolite  of  Juia,  and  Valley  itf.  te 
Adige. 

Pierre  a    grrphite  of  Ftaitceand  Jnra^ 
full  of  the  Oryphea  ArcuatarfLamaik. 
Muuhel  Kalk,  of  Wemer. 

Btuiltr  SaaA 

Tint  and  aecond  aalt,  and  gypnim  ficin^ 
Qon  of  Werner. 

Ornnacke  of  Kocchiin  Ma  Val  di  Fimb, 
of  Ployer  in  his  mxp  of  Tyrol,  and 
of  Von  Buch  and  Ouipentier  in  ibiat 
lectnitita  of  the  salt  tocmaiioiu  trf'  the 
Alps. 

EUir  Alfvte' Limntone.  llaellgeMrgt 
Aalk  Stein  0/  Ebel,  ftnt  Ftvitz  Limt- 
,     ttotu  of  >f(Fiin-,4i)U)fe  Mo 

Zechstein  (CaliMire  •  Oryj^^  of  Voigt 
and  Sdilotheim,  and  containing  Giy- 
pUte^.aculcsttu.)  • 

Rouhvacke.  . 
HtdoiKalk. 

Rogennebi. 


Kupfenchicier,  or  bitumiiMus  mul  alaM^ 
vith  &h. 

These  subdiviinaDs  are  wdl  known  in  dw 

TbuTinger-vald,  and  1__  ~ 

intaq)erted  with  silt  and  gypnim. 


Kta  Rtd  Ccaglomirale,  OV  J^   Sanittiu  tf  l^trmr,   Rtlki 

TUls  Liegttidt. 

LugWM),  in  luij. 


This  poipfajTr  ii  «Nei>Ud' vWi  Ait  M^  CoD^niKnte. 
JhydA-Cbar  Mtuunt,  ffiMttlU,  Zhf-      Irukftudaiil  OM  TefmaiUn  af  fTtrntr. 

Nmb  in  liie  A]{w<  BT  U^  of  hL 

FoMdi^,  ueai  DiadeD. 

Friedland,  in  Sileua,'Uld  aai  TiAumtt, 

in  SBoi*. 
Nmnir,  Bum  EboAt,  A.  BiitaM  ta 

Bntki  tiF  Ac  . 
li^;  ii  at  oat  accamDce  aa  the  Oak 


OU  Itfil  Smubtaw.  FiriM^  ■/  Grtgmukt  »/,Wcnitr. 

In  ICa  uMct  mcmbbi  compoMd  -of  loote  ScUom    ^ipeuing    on    the    Cmttiuiit, 

'brdi  m  tad  ttnditaiie,  nd  tnul,  ud  Occun  at  Hnj  on  die  Keata  bdow 

^«Mi|^im«nte.  Nnoor,  wboelt  lie*  ndniluUodft. 


In  Ht  loiRi  ragfauu  pauDg  ituensbljr    .  The  Valloniii*  [m^diiinlcae  ii 

:    Brerwaclce;    abumbnt  duiige,  bnti  UtttsSiln. 


"■ItM-^    ftMUwr  of  Siigjand    I 


YBATSSITldN    I^OBMATlOH. 
fftMikia*  £mMtMiK!.  n-annfiott  Umulonc  dcoits  taitrdiHaUtf 

4MirofBttiiMotte  MrtnfttgiiAtiidiuKgly      TUabcdiorit'tt CifthntiiniaelteABe. 
'M«WU^r.|t^(kiaoftb»atariMcke  lk>Btte«ite'iMi  PngM'      . 

TamMiia,    DtO^j,  .Waiadt.Bigfi, 
liBdla*,  Lon^wpe,  JJaodilo. 

TinntsOe,  in  Sa*i^. 
Buki  of  BJune  bd»  tMMfa'Wbe 
e  <tf  Werfen  in  Saltibuig. 

'  Qngmukt.  Gngima^u. 


•BM*^  TlMi««il,  in  OoAWB,  4«d  Np      ai»taofBl«>Wwhiir|i,mQliWi(BLit"ning 
«r   gDowdaa,    in    Wdes,    MCti^ning  Sah  and  toMoUei, 

nuribe  rifelU  &tnhUC  IuEm  n 


yigHlaRMn(eofK&«neraBa8t.Darid'i.      Cmglomeme  of  ViDoniiM^ 
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Primitive  Roch. 

It  may  be  useful  to  add  to  tfais  table  of  geological  eqoiralenU 
a  bat  01  thoae  alpine  fonnations  which  most  nearly  resemble 
each  other,  and  which  ft  is  neverthelesB  very  important  to  dis- 
tiaguiah ;  e.  g.  there  are  in  the  alpine  diitricta  foui'  varietieB  of 
conglomerate,  four  of  gypaam,  anri  ftra  of  ddtomite. 

Cotigloaeratei,  4. 

1.  The.  moat -ancient  of  these .  conglomerates  is  that  of  the 
petit  St.  Bernard,  the  Vallorsine,  and  Twentaise,  being  a  tiue 
transitioQ  rock,  and  bontainiog;  rolled  fragments  of  granite,  mica 
slate,  oneiss,  quartz  rock,  and  primitive  limestone. 

2.  Ine  next  in  point  of  age  is  that  of  Schwanden  and  Mells 
near  Glarus,  and  Mount  Neisen  on  I^ike  Thun,  being  of  the 
same  era  with  the  old  red  sandstone  (rothe  todte  liegende)  of 
Werner,  and  new  red  conglomerate  of  England. 

3.  The  third  and  most  abundant  conglomerate  is  that  which, 
under  the  name  of  nagelflueand  Rigi  pudaingstone,  extends  along 
the  line  of  junction  of  the  Great  Swiss  Valley  with  the  alpine 
limestones  trom  Vevey  on  the  Lake  of  Geoeva  to  Bregentz  on 
the  Lake  of  Constance,  and  thence  continues  onwaids  along  the 
edge  of'the  plain  of  Bavaria  towards  Saltzburg.  This  is  the 
most  recent  of  the  stratilied  rocks  of  this  district,  aod  is  nearh' 
of  the  same  age  with  the  Hertfordshire  puddingstone  of  England. 

4.  The  founh,  whichi8alBO.calledaagelSiie,coBBiHtBofagelu- 
tinated  masses  of  diluvian  gravel,  composed  chiefly  of  pebues 
of  alpine  limestone,  and  not  to  be  distinguished  but  by  the  cir- 
cumstances of  its  position  from  No.  3.  It  is  usually  found  in-the 
valleys,  and  in  irregular  patches  on  the  lower  hills,  while  No.  3 
forms  a  chain  of  mountains  from  3000  to  4000  feet  high,  which 
is  continuous  through  nearly  the  whole  of  Switzerland.  No.  4 
abounds  in  all  the  diluvium  of  Switzerland,  Tyrol,  and  Italy, 
when  the  pebbles  are  calcareous.  It  should  seem  these  pebbles 
have  supplied  the  cement  by  which  they  are  held  together,  as  the 
gravel  is  usually  loose  when  composed  of  any  other  substance 
taan  limestone. 

Gyptum  Formatiotu,  4. 

In  the  same  districts  we  have  certainly  three,  probably  fonr, ' 
formations  ofgypsmn. 

I.  Primiiive.    2.  Tratuition.    3.  Secondary.    4.  TVrttory. ' 

1.  Primitive. — Existing  in  small  quantities  (if  at  all)  in  the  . 
Alps.  Brochant  and  D'Aubuisson  doubt  whether  there  be  here 
any  true  primitive  gypsum,  and  are  inclined  to  class  that  which 
has  been  considered  primitive  among  the  transition  series. 

2.  Transition  Gypsum. — Much  of  this  occurs  amongthe  tnot-  ' 
sition  rocks  of  the  Tarentaise  described  by  Brochant.     It  maj ' 
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be  keea  ftbo  bj'  the  road  tUe  at  phanner,  between  St.  Miohel 
and  the  HcMpital  of  Mount  Cenis,  and  buo  at  the  Hoipital  df 
MotutCaaiB.  .         . 

'3.  Secomhni  Gyptaim. — Of  tbeaaine  a^  with  the  magnesiw 
limeetooe,  and  new  red  sandatoite  fomaboa  of  Eogland,  thi«# 
nsoally  nuBaalled  trantitum  gypmm  by  moBt  writers  on  the  A^if. 
It  occurs  at  Bex  and  Leisigenin  Switzeiiand ;  in  the  a^t  minea 
of  Tyrol  and  Saltzburg;  at  Michell,  10  miles  north  ctf  Trent ; 
and  LoTinio,  near  Menagio  on  the  hake  of  Como. 
.  -  4.  HiroHi  Gwmm.—Ot  tertiary  fon^tion,  of  the  aame  ase 
wtti)  the  Paris  beds  occws  in  the  molasss  of  &witzetla^ 
twar  Yrerdim ;  in  Argovie,  near  Solonre ;  at  Boudry,  near 
Ne^ufchatel ;  and  Sii  Jidiwi,  near  Genera, 

Dolomite,  Five  Kinds. 
-  In  the  alpine  re^ons  there  occur  also  five  formatimw  trf  dolo 
mite. 

1.  Primitive. — The  primitive  limestone  of  the  central  Alps 
ofttm  passes  into  the  state  of  dolomite,  of  which  a  good  example 
Htay  be  seen  at  the  pass  of  Mount  Brenner  between  Botxen  and 
Insprugk.  It  is  here  compact,  and  interspersed  with  dakea  oC 
talc,  of  a  delicate  green  colour.  The  primitive  limestone  abo 
which  forms  the  matrix  of  the  great  iron  works  of  EiBenterts:,  in. 
Styria,  is  in  the  state  of  dolomite.  This  stratum  is  of  great 
importance  and  extent  in  the  Alps,  and  may  be  traced  by  its 
sparry  iron  ore  from  Lake  Como  to  Eisenertz,  and  thence 
onwards  into  Hungary.  ' 

2.  Transition. — I  clid  not  find  dolomite  in  the  few  spots  in. 
which  I  had  opportunity  to  see  the  transition  limestone  of  the 
Alps ;  but  as  this  formation  abounds  with  magnesia  in  England, 
Russia,  and  North  America,  it  is  probable  that  it  requires  only 

'  mveatu^tion  to  find  it  also  in  the  Alps. 

3.  Elder  Alpine  Limestone. — Dolomite  prevails  in  no  alpine 
-formation  so  mnch  as  in  this,  which  is  equivalent  to  the  grand 

magnesian  limestone  of  England  :  it  may  be  usually  recogniaad 
■by  Its  pearly  glimmering  lustre.  The  soft  powder  that  fflls  the 
cells  of  the  rounwacke  and  holen  kalkstein  is  much  chained  with 
magnesia:  as  are  also  the  strata  of  yellow  sandy  limestone  that 
lie  m  ^e  new  red  sandstone  of  the  Vale  of  the  Adige  above 
Trent. 

In  England,  much  dolomite  occurs  also  in  the  mountain  lime- 
atone.    . 

4.  Younger  Alpine  Umtitone. — Beds  of  dolomite  minutely 
crystalline,  and  jOt  pearly  {dimmering  aKtect,  abound  in  the  oolite 
formation  in  the  Valley  of  the  Adige  below  Trent,  and  also  ia 
the  hills  on  the  west  of  Monte  Bolca.  In  England,  magnesia 
has  been  found  in  the  oolite  formation  at  Minching  Hampton. 
Dear  Cheltenham.    It  occurs  also  in  the  chalk  of  France. 

2o3 
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'&.  3W<f«y  fbfWMtuMU.— ^e  OKlcure  growiar  'Of  the  'h^ 
ttiit  OTetbang  the  town  of  y«roiiB,  aod  of  mtny  puU  of  ibfe 


VicentiDe  HiUs,  passes  iato   dolomite.     The  looM  < 
maiy  beds  that  attenikte<«ith  this  odoureoos  ro«k  also  eootein 
w^nesta.    Martae  shetts  in  high  prasamtion  are  found  be&itt 
Ae  wdid  and  loose  ▼atiaties. 

'It -nay  be  tuefol  to  repeat  concisely,  wliat  has  alreadT  beat 
stated  more  at  lai^,  dnt  the  foUowine  temos-are  applied  india- 
Vrimiottelf  by  many  writen  on  the  Continent  to  rooks  wbich 
«aefat  to  be  kept  distinct;  viz.  gr^wacke  to  beds  of  the  nefr 
pad  sandstone  Rirmation,  uDrel)  as  to  the  tree  transition  rooks. 

TranaitioD  limestone,  to  the  yow^ar  alpine  IkaeatODe,  or 
Englieh  ms^esian  limestone  formation,  as  well  as  to  true  tran- 
aition  limestone. 

IVansttion  gypaum,  to  die  saHfsroua  gypsum  of  tkeTiewved 
sandstone  and  magnesian  limestone  formation,  as  well  as  to  tlwt 
which  accompanies  true  greywaoke. 

Piaire  &  giyjAite  to  lias.  Calcaire  il  gryphite  to  magnvMa 
liBMatone.  Jura  limestone  to  oolite,-  Has,  end  ntagBesian  Unse- 
tstSBe.  Nagelfiue  to  a^lutinsted  gravel,  Rigi  ^ uddit^;Bto&e, 
whI  new  Yed  sandstone  coi^ooierate. 
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Mmf  3. — Observations  on  the  Variation  of  I.ooal  Hcatvwrie 
aintngtiie  Garrow  Hills,  by  D.  Scott,  Esq. 
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AaTicLE  XI. 


I.  Compotition  qfRhv^b. 
-Hh.Bt«nd«faMlately>aBK!]rud  the  root  (^Ae  HbeumI 
Hie  msdUi  of' the  deetructive  distUhUwo.  of  riiuborb  ara-  sntod'i 
follow: 

Water lOD 

BoipjrreuiBatic  (h1,  {[aUiottdd,  and  water,  fonaed 49K> 

Charcoal ...,, .,..,...„,, 3*iS 

^      PhoaptiBte  of  lime. ,, S'O 

Carbonate  of  lime ;  4'2 


100-0 

The  eompooeot  parts  oErhubatb  are  Uat«d  to  be  at  follows 

Water 8-3 

Gum , 31-0 

VtlOM 1(H> 

Extzact,  tan,  and^^icactd ..........;  26*0        ' 

Flmphate  of  time. , . '. £0 

Mulate  of  lime... 6'5 

Wde^fibre 16-S 

lOOO 

II.  Rocks  n/Moal  Blaac. 

Owing  to  an  accident,  these  rocks  were  not  ^juite  correctly,  noticed 
inCap^,  Undrell's  comm ('"■'"'*■"" 

The  very  highest  rock 
the  latter  might  be  mislal 
sure  and  the  knife.  Ar 
oonsiat  of  greyish  and  yi 
)Uid  having  brown  mica  t 
readily  mistaken  for  fine- 
die  specimen  from  which 
pratog^  i^Prof.  Jurine 

in.  Gramdationof  Copper^ 

The  following  singular  circilmstaoce  was  communicated  to  me  by 
Mr,  W.  Keates,  of  the  Cheadle  Copper  Works, 

"  I  lend  yoa.eonie  ^bules  of  copper,  quite  hollow,  and  bo  light  as 
to  swim  on  water;  the  history  of  which  is  as  foUowB;  One  of  our 
refining  furnaces  contained  about  20  cwt.  of  melted  copper,  which  was 
to  be  laded  inta  blocks ;  but  the  refining  process  had  not  been  carried 
ftr,  enough,  so  that  when  themencaroe  to  lade  it  out  into  the  moulds, 
they  found  it  to'be  impracticable,  in  cosseqaence  of  its  earittmgsush 
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a  great  quantity  of  nilphtiroui  add  vaponr.  They  were,  therefore, 
<d>Tige<l  to  put  it  into  a  ciiteni  of  water  to  graDulste  it,  but  by  thit 

Xotion,  inftead  of  the  copper  snaming  the  fonn  of  lalid  grains,  the 
le  of  it  became  in  the  form  Kent  to  yon,  and  floated  upon  the  water 
like  lo  many  corki>  What  is  the  most  probable  explanation  of  tbb 
phenomenon  ?  One  of  our  refining  men,  during  40  years*  experience 
in  the  biuineu,  bat  never  seen  any  thioK  limilar." 

To  (he  above  account,l  have  only  to  add,  that  the  globolei  of  copper 
M>t  to  me,  although  extremely  light,  liad  loot  their  property  of  floating 
in  water,  but  they  floated  in  sulphuric  acid.  I  do  not  venture  to  offer 
any  explanation  of  the  phenomenon. — Ed. 

IV,  Anoli/m  of  Indian  Com. 

Dr.  Gorhsm,  of  Harvard  University,  Cambridge,  U.  S.  has  analyzed 

Indian  com.     It  appears  to  contain  a  peculiar  vegetable  lubstance, 

which  the  discovers  has  called  Zeiae.    The  results  of  the  analysis  are 

as  follow : 

CoDunaii  MU,       D17  ttate. 

Water QO 

Starch 77-0    84-599 

Zeine SO    ....     S296 

Albumen 25     2  747 

Gummy  matter ■ 1'76  ....      1-922 

Saccharine  matter 1  45  ... .      1  -593 

Extractive  matter 08     ; . . .     0-879 

Cuticle  and  ligneous  fibre 3-0     3*296 

Phosp.carb.  sul.  oflimeand  loss \'5    ....     1*648 

lOO-O     ....    99-980 

(Institution  Journal.) 

V.  Oa  the  Iodide,  Oxides,  and  Chloridet  of  Gold. 
According  to  M.  Pelletier,  who  first  obtain 
acted  upon  either  by  iodine  or  hydriodic  acid 
containing  iodine  easily  dissolveB  gold,  and 
nitric  acid  is  added ;  the  iodide  of  gold  thi 
vellow,  and  apparently  a  crystalline  powder, 
be  procured  by  causing  hydriodic  acid  to  act 
or  by  adding  hydrlodate  of  potash  to  chloride' 
of  the  iodide  of  gold  are,  mat  it  is  insoluble 
sparingly  soluble  in  hot;  when  put  into  ci 
nitt-ic,  muriatic,  or  sulphuric  acid,  it  is  decoi 

evolved,  and  the  gold  dissolved.  It  is  also  deco'mpOBed  at  a  tempera- 
ture of  about  300°  of  Fahr.  and  by  the  alkalies  in  solution.  Jt  w 
atated  to  be  composed  of 

Iodine 84 

Gold 66 

100 

,  The  composition  of  the  oxides  and  chlorides  of  gold  is  stated  u 
iialiairBi 
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+ ,  10  axygeor  pr^toxjde. 
+   SO  oxvgeDi  peroiide. 
+■   44  cfaumoei  protochloride. 
L+  1S2  chlorine,  perchloride. 

iS.  Felletier  draws  the  following  conduaions  from  the  various  expe- 
riments  which  lie  haa  nude  on  thi«  metal.  , 

1.  Gold  ought  to  be  considered  as  an  electro>negative  metal,  >'.  e.  at 
B  metal  forming  oxides,' which  tend  rather  to  act  as  acida  than  as  basiet; 

2.  The  oxides  of  gold  cannot  form  true  salifiable  compounds  with 
the  acids. 

S.  The  peroxide  of  gold  will  unite  to  thealkaties  and  other  metallic 
oxides,  forming  combinations  which  possess  peculiar  properties. 

4.  Gold  in  solution  in  aqua  regia  is  in  the  state  ot  perchloride,  and 
the  supposed  triple  salts  of  gold  are  only  mixtures  in  which  the  gold  i$ 
•till  in  tne  state  of  perchloride. 

5.  Gold  unites  to  iodine,  forming  a  compound  of  which  the  propor- 
tioni  are  constant,  and  easily  determinable. 

'6.  According  to  the  proportions  of  the  iodide  of  gold,  those  of  the 
oxidesand  chlorides  may  also  be  ascertained  as  given  in  the  Memoire. 
7.  ,^e  vegetable  acids  and  salts  have  different  actions  on  the  chio- 
rides  and  oxides  of  gold.  Amongst  them  may  be  distinguished  the 
oxalic  acid  and  the  oxalates,  because  their  action  Is  very  peculiar,  and 
supports  the  opinion  of  M.  Dulong  od  the  oxalic  add.— (Annalet  de 
Chunie  et  de  I%ysique.) 
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NEW  SCIEN.TIFIC  BOOKS 

rBSr*RI1l«    MK  POBUCATIon. 

The  Parent's  Medical  and  Surgical  Assistant,  intended  for  the  use  of 
the  heads  of  families,  parochial  clergymen,  and  others,  by  Thomas 
Ajve  Bromhead,  MB.  Christ's  College,'  Cambridge. 
.  Dr.  Paris  and  John  S.  M.  Fonblanque,  Esq.  Barrister  at  Law,  have, 
in  considerable  forwardness,  a  work,  to  be  comprised  in  one  volume, 
8vo.  and  entitled  ."  Medical  Jurisprudence."  It  will  comprehend 
medical,  chemical,  anatomical,  and  surgical  investigations,  applicable 
to  tbrensic  practice,  for  the  instruction  and  guidance  of  coronert, 
inagistrates,  counsel,  and  medical  witnesses,  with  a  copious  appendix 
of  nvtutes,  cases,  and  decisions. 

'  Mr.  Gideon  Mantell's  Outlinesof  the  Geology  of  the  South-eastern 
phision  of  Sussex,  will  soon  be  published  in  royal  4to.  with  numerous 
engravings. 

.  A  Treatise  on  Scrofula,  its  Nature,  T^vatment,  and  ESects ;  also, 
die  alteration  produced  by  it  in  the  structure  of  all  the  difierent  parta 
of  the  body,  with  spedal  reference  to  its  connexion  trith  spinal  curn- 
ture,  diseases  of  tne  joints,  afibctions  of  the  glands.  To  which  i* 
added,  an  Account  of  the  Ophthalmia,  so  long  preral^it  in  Chriifa 
Hospital.  By  E.  A.  Lloyd,  RCS.  &c.  &c.  in  one  volume,  Sva.  Thii 
Work  <riM«ined  the  Jacksoaum  Prize  ia  I81& 
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Dr.  Dickinaonbaiin  the  press,  The  Medical  Student's  Vade  MecBin; 
bdngB  work  in  the  ftnrm  ofqaertkni  and  afttwer, 'comprising  anatomy, 
phyiiotogy,  botsDji  and  phannscy,  Ac.  T&  which  wtli  be  added,  an 
abrideecT  and -correct  Explanation  of  the  Chemical  Decomposition!, 
intended  principaDr  for  gentlemen  prenoHs  to  their  examinatioiu  M 
ths  Surgeons'  a«d  Apotbecario'  Hall. 

]nora  Scotica,  or  a  .Description  of  Scottish  Plants,  arrange  both 
According  to  the  Artificial  and  Natural  Methods ;  in  two  Parts.  Br 
W.  Jackson  Hooker.  Ll.D.  FRA.  PLS.&c.     8vo.     lis. 


Fell 

A 
Tre 
Veg 
Stoi 

A  Treatise  on  Indigestion  and  J(s  Consequences,  called  Nervous  and 
Bilious  Complaints,,  with  Observations  on  the  Organic  Diseases,  in 
which  tliey  sometimes  terminate.  Bj  A.  P.  Wiison  PJiUIp,  MD.  FRSli 
«)C.    8vo.     9j. 
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Stephen  Wilson,  £a.({.  of  Sti^atbam.  Surrey,  for  improvements  in 
machinery  for  weaving  figured  goods ;  portly  connnunicated  to  him  by 
a  foreigner.— March  8,  1821.      . 

Heory, Browne,  of  Derby,  cbe^mist,  for -an  improvement  in  ihepon- 
■truction  of  boilers,  whereby  a  saving  in  fuel  is  e&cted,  and  amoks 
rapidly  consumed. — Marph  16. 

ll^io  P^Uafines,  of  Earl '3- court,,  Middlepex,  fOr.  certain  n«w  uaA 
iqipreyed  machinery  and  methods  for  breaking,  bleaching,  preparing 
inanufacturinj|,  and  spinning,  into  thread  or  yam,,  flax,  hemjp,  aiMt 
o^ier  jiroductioas  and  substances  of  the  tike  nature,  capable  ofb^df 
qmniifactuced  into  thread  or  yarn. — March  27. 

'    William.  Southwell,  of  Grease  street,  Rathbone-place^  for  certaii^ 
iMprovements  on  cabinet  piano-fortes. — April  5. 

J^qiesiioodniap)  of  Nortb»rap^D,  for  aQ.imprprement  oaatiKn^ 
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PouraUtttk^-l.nMi  niaUii^  t.  8ba«nj:  vtodf.  S.  6]« ■>>  iridi  hdl 
udADaM.  4,  5.  Fine.  S,  ^.  Cleaij,  8.  Vaj  Btai  ihenaantia  10°  UiiOt- 
pMtuiDc.  10.  doudji  cMne  ^ponuicc  of  dmndn,  p.m. :  laiurhala.  II.  Cloadri 
winAj.  IS.  Showerri  guMf:  atToHcnlumtbMiTluHl-Monn.  13.  SUghtdMnnn: 
goMf.  14.  Sbmroj:  windj.  l&.Sittoi  M  Tatteubaai  IhuideT  wm  twice  hcndto 
Aa  N,  tlun  bdng  at  the  tiine  m«ny  Ltige  A'iimU,  md  die  flnt  rwalhm  nude  itt 
Ifpwwnce.  16.  Finei  •  hott-fratt  in  the  marainf .  17.  Hov-froati  Ihundcnd  nk* 
•lludtfHJtfiKii,  j.m.  IS.  SIunFecjr:  frequent  nunbowi  duiii^  (he  iftetDoeo ;  «b* 
mt  tbeerred  with  two  compliiiientuj  ba¥n  Kt  aome  distance  i>eaeith  it,  19.  Sbowaji 
bceitennu  tii^t.  SO.  Sli^t  ihoiren  duiiiig  die  dtj:  very  lieqnBit  ligM»'|'g  in  ihe 
creldig :  &  dmndei^JUim  about  •erco,  p.  n.  i  die  lightning  extiemelj  vind,  end  neulf 
npriTinoto  Cram  SW  to  SE,  and  matt  fbriud  t  eoine  flaahca  a~*f^'"e  peipendiculadr 
ts  tbe  urtti.  21.  Qoudj:  dear  ni^:  ewiUawi  now  numennu.  S3,  Vay  fina 
uaaiagi  S3.  Fine:  Knaeli^tniagat  ni^t.  S4.  Veryflne^  S5.  IMlto.  SS-Snltir 
itfi  inrriient  Itghtning  in  the  ereoing,  which  continued  nearly  all  niyht  in  cnrj 
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windii  N,3i  NB,«;  E,Sj  8,1)  8W,5(  W,Tt  NW,8;  V«.  I. 


F<R  the  month B9'69<  Inc 

Fee  the  Innat  petiod,  ending  die  !5di S9-GI5 

For  Mdaya,  ending  the  lit  (mooaiouth) 9B-5Si 

For  IS  dq^  ending  the  I4di  (ni«ia  nocdi) ,.  S9-ffr5 

For  14  dayi,  ending  lheS8th  (moon  aouth)'. 29-689 

t  Mean  he^t 

For  the  montb 40^S0^ 

Far  die  loBai  period 48-400 

For  30  day*,  the  nn  in  Ariel. . 49-033 


Xakr^vry,  Slrff/bri,  F\fA  Mnlh,  SI,  18SI,  B.  HOWA&D. 
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